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Public Participation Notices EPA-HQ-OPP-20 11-0019 and EPA-HQ-OPP-2011-0020 
Anthia Peters 
to: 
Dennis Edwards, Tracy Lantz 
08/08/2011 02:29PM 
Show Details 

History: This message has been replied to. 

Page 1 of 1 

The public participation comment period closed on August 5, 2011 for Ammonium sulfate and Urea. To date no 
comments have been submitted to the docket through FDMS/Regulations.gov. 

Anthia C. Peters 
Office of Pesticides Programs 
Docket Manager 
ASRC Management Services 
(703) 305-0032 

file://C:\Documents and Settings\ Tracy\Local Settings\ Temp\notes35A6F9\-web04 78.htm 8/8/2011 
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A 

PRODUCT REVIEWER: 

Type 

Decision 

EPA PIN DATE 

DATE PM RECEIVED FROM 
FRONT END 

DATE SENT TO SCIENCE 

DATE RECEIVED FROM 
SCIENCE 

DATE DUE TO PM 

Type of 
Data: 

8 

PSB 
Product 

Chemistry 

Contract No.: 0052 

Final Task: Signature 

C Reviewer Comments: 

DATE FEE PAID: 

RISK ASSIGNMENT FORM 
Antimicrobial Division/Regulatory Management Branch I 

PSBAcute 
Toxicology 

Completed by Product Manager 

RMBI 

EPA File Symbol/Reg No. 
;76C-.:< 

Fee for Service Action Code: 

I 

PSB 
Efficacy 

RASSB 
Environmental 

Fate 

RASSB RASSB RASSB 
Ecological Chronic Exposure 

Effects Toxicology Residue 

For Arctic Slope Contract Only 

ARCTIC SLOPE/MANAGER 

RESPONSE CODE: RESPONSE DATE: 
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UNITED -.ATES ENVIRONMENTAL PROTECTION " ...... CNCY 

Juli Mann 
Agent for Nalco 
Steptoe & Johnson LLP 
1330 Connecticut Ave., NW 
Washington, DC 20036 

Subject: Na!co 60620 
EPA Registration No. 1706-240 
Notification Date: July 1, 2011 
EPA Receipt Date: July 1, 20 11 

Dear Ms. Mann, 

This letter acknowledges receipt of the notification identified above submitted 
ooder the provisions of the Federal Insecticide, Fungicide, and Rodenticide Act (FIFRA), 
as amended and per PR Notice 98-10. 

• Revise Confidential Statement of Formula 

Based on a review of the submitted information this notification is acceptable. 
The Confidential Statement of Formula (CSF) for the Basic Formula dated 7/1/11 is 
acceptable and supersedes the previous Basic CSF. This notification will be made part of 
the record for this file. Should you have any questions concerning this letter, please 
contact Tracy Lantz at (703) 308-6415 or Velma Noble at (703) 308-6233. 

7510P:T.Lantz:7/27/ll: 1706-240 CSF notification 

Sincerely, 

VMtf!v 
Velma Noble 
Product Manager (31) 
Regulatory Management Branch 1 
Antimicrobials Division (7510P) 

COHCUM!HCI!S 

................. ................. -~--------··---

::::£ .. ;&Q~ .... ··~····--······- ................ . 
D"TE ••• ~~;~~·:••• ................. "'"'''''"'"" 

................ .................. ................. -.. -........... . ..... -........ .. 
................. 

EPA Fotm 1320-1A (11901 Prinld m: RccycTui P13pV OFFICIAL FtLE COPY 
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S I EPTOE &jOHNSONcce 

WRITER'S DIRECT DIAL 
202429.3095 

July 1, 2011 

Velma Noble, Product Manager 31 
Antimicrobials Division (AD) 
c/o Document Processing Desk (NOTIF) 
Office of Pesticide Programs (7510P) 
U.S. Environmental Protection Agency 
Room S-4900, One Potomac Yard 
2777 South Crystal Drive 
Arlington, VA 22202-4501 

ATTORNEYS AT LAW 

Via Hand Delivery 

Re: Notification to update confidential statement of formula 

Product: Nalco 60620 (EPA Reg. No. 1706-240) 

Dear Velma: 

!330 ConnecliCUI Avenue, NW 

Washing!On. DC 20036·1795 

Tel 202.429.3000 
Fax 202.429.3902 

steptoe.com 

' "'." ' 

"'''" 
' ' 

"' '' ' '",. 

.Please fmd enclosed a notification revising the confidential statement of formula for Nalco 60620 to identify au 
additional producer. The new producer is highlighted on the enclosed CSF. No other changes have been made to 
the CSF. 

Documents included with this submission include an Application Form (EPA Form 8570-1), two copies of the 
revised CSF dated July 1, 2011, and one copy of the current approved CSF dated Dec. 23,2010. 

If you require any further information please contact me at (202) 429-3095. Thank you for your attention to this 
matter. 

Sincerely, 

C:l L h-tru-w-
()- J;ti' Mann 

Regulatory Analyst 

WASHINGTON • NEW YORK • CHICAGO • PHOENIX • LOS ANGELES • CENTURY CITY • LONDON • BRUSSELS • BEIJING 
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PI''" eod; " ' ·, l form. Fmm 0"8No ·~ 
_;~States F .... -gistration 

EPA Environmental Protection Agency 
I ~::~dment 

Washington, DC 20460 ; 

A; tfor~ 
<Nom be< i 

0 Restricted 

! ~alco 60620 
I (Nome) 

I;~· 
?: ~=.: '"' li 11b)) d .. ';' ., . •;•<hr!rKASec<io:J(eJ(iJ 
Nalco Company (1 , my pro uct IS stmt ar or 1 enttca tn composttton an 
1601 West Diehl Road labeling to: 
Naperville, IL 60563 EPA Reg. No. --

0 Clteck ifrhis is a new oddress p, oN 

F= Amendment- Explain below. ~ Final printed labels in response to 

RestJbmission in response 10 Agency letter dated __ 
'Agen~y letter dated __ 

~ Notification- Explain Below. != 
"Me Too" Application 

/ Oth0<-&ploio Below. 

;I poge(t) i i ".l'"dSecti00 L) 
i to add a new to section the CSF for Nalco 60620 (EPA Reg. No. 1706- ). No other changes have been made 

to the CSF. 
This notification is consistent with the provtsions of PR Notice 98-10 and EPA regulations at 40 CFR 152.46, and no other changes have been made to 
the labeling or confidential statement of formula of this produc1. !understand thai it is a violation of 18 U.S.C. Sec. 1001 10 willfully make any false 
statements to EPA. I flirt her llnderstand that if this notification is not consistent with the terms ofPR Notice 98- !0 and 40 CFR 152.46, thts prodl!ct 
may be in violation ofFIFRA and I may be subject to enforcement action and penaliies under sections 12 and 14 ofFIFRA. 
FORWARD ALL CORRESPONDENCE for this action to: Juli Mann, Steptoe & Johnson LLP, 1330 Connecticut Ave., NW, 
Washington, D.C. 20036. 

I -

~ I i 
Packaging Yo; Yo; 

F 
Metal 

DY~ No No Plastic 
0No P= 

Glass 

* Certification lf''Yot" ~o. per ~-y,;:· 

I ~~~~~er F Paper Unit Packaging wgt Comainer Packagtng wgt f= must be submitted Other (Specify) __ 

I' 4. ""''' ""' " '"' 
0 Label 

I BOn Label 0 Container n, '""" eomd401 

6. Manner in Which Label is Affixed to Product Lithograph UOther __ 

Paper Glued 

Stenciled 

t- IV 

' "jfu;L' " ' 1 Nome ... '~, 
I Uod4 J. F'"e . :. - > .. 

I cl I , ';," -I cenify thru the statements I have made on this form and all attachments thereto are true, accurate and complete. I k'eceived 

I 1hat any knowingly false or misleading statement may be punishable by fine or imprisonment or both ; ' ,(Stamped) 

'"'" 'lew' - > 
2 ' 1 3. Tide ".; 0 '~ 

,.j/J 9th- -;;;{ £· 

. 4. Typed N;lffie 1 5. Dote 

Linda J. Fane JlliY !, 2011 

N'A i 'obtotete copy 
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STEPTOE &jOHNSONcce 
ATTORNEYS AT LAW 

WRITER'S DIRECT DIAL 

202.429.3095 

July 1, 2011 

Velma Noble, Product Manager 31 
Antimicrobials Division (AD) 
c/o Document Processing Desk 
Office of Pesticide Programs (7510P) 
U.S. Environmental Protection Agency 
Room S-4900, One Potomac Yard 
2777 South Crystal Drive 
Arlington, VA 22202-4501 

Re: Submission of Final Printed Labels 

Product: Nalco 60620 (EPA Reg. No. 1706-240) 

Dear Velma: 

Via Hand Delivery 

1330 Conneciicul Avenue. NW 
Washingwn. DC 20036·1795 

Tel202.429.3000 
Fax 202.429.3902 

stepwe com 

'" , ., 
' 

'" '' 

Please find enclosed three copies of the fmal printed label for Nalco 60620 in response to the Agency tetter datt:d 
June 29,2011. 

If you require any further information please contact me at (202) 429-3095. Thank you for your attention to this 
matter. 

a~!:~"~ 
(}"~i,Mann 

Regulatory Analyst 

WASHINGTON • NEW YORK • CHICAGO • PHOENIX • LOS ANGELES • CENTURT CITY • lONDON • BRUSSELS • BEIJING 
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PRECAUTIONARY ST ATii'.MKNTS: 
HAZARDS TO HUi\'L\NS AND DOMESTIC 

ANIMr\LS 

CAUTION: lfannful if swallowed or absofk,l through the skill May ~ause 
irritation to the eyes and skin. Do no! get in eyes, on skin, 0< on elotbing. Use 
with adequate ventilation_ Wear proleelive eycwoar (goggles, faee shield or 
safety glassos}, pm!<mive elothing and p!OIO<tivc gloves (rubber, ehemieal 
resistant} when handling. Remove eontamma!cd dol~i!!g ancl wosh elo!lung 
befme reuse. Wosh thoroughly wi!h soap an1l \valer afte< handl1ng and before 
eating, tlrinking, cl!ewing gun~ using tob.1cco or using the toilet 

ENVIRONMENTAL tl,\Z,\ RDS 
This pesticide is tox1c to fish and aquatic otganisms_ Do not discharge effluent 
conlaining this protluct into lakes, streams, pond1, estuaries, oceans, or other 
wslcrs unless in accordanee witll the rcq!!immems of a National Pollulan! 
Discharge Eliminalion System (NPDES} penni! and tltc permitting authority 
hi!S been nolifted in \\'filing ptior to tliscbarge_ Do no! discharge effluent 
eonlllining this product to sewer systems without pre~iously notifying the local 
sewage \Jcatmen! plan! authority. For guidance, eontoct yom Slate Water 
Soard or Regional Office oftheEPA. 

PllYSlC,\L AND CHEMICAL liAZAlWS 
Direct mixing of Ibis pmduel will! sodium hwochlorite solutions and other slrong 
oxidizing and alkali cbcmieals W!ll release hOL:>Idous gases_ Only milt with other 
ehemioals or materials solutions following the Directions for Use of this product 

STORAGE AND DISPOSAL 
Do not eontaminate w.l!er, food, or l"ced by storage and disposal. Op<o 
dumping is prohibitctl. 
PESTICIDE STORAGE: Keep container lightly closed_ Store in a tlry 
place. Leaking or danmged eontaincrs should be placed in an overpack 
c<mllliner for disposol. Spills should be contained and cleaned using an 
absorbent material and disposed of in a sanitary landfill. 
PESTICIDE DJSPOSAL: Pesticide wastes are toxic. Improper disposal 
of exC<!SS pesticide, spray mixture, or rinsatc 'ts a violation of Federal Law. 
If these wastes cannot be diSposed of by usc according to label ins!ruelions 
contae! your Slate Pesrieidc or Environnrental Control Agency, or !be 
Hll7.<lrdous Waste rcprcsCll!alive at tile nearest EPA Regional Office for 
guidanec. 
CONTAINER llANDLJNG: Refillable CO!IIainer. Refill this eontainer 
with pestiCide only. Do nor reuse this eontai~cr for all}' olfl.er purpose_ 
Cle:ming the eontaincr before final disposal is !be responsibility of the 
person disposing ,, 

"" container. Cleanittg before refilling ;, '"' responsibility of the refiller. To elemt tl1e comainer before nnal disposal, 
empty the remaining cottlents fmtn litis co~WiltCr inlo application equipment 
or mix lank. Fill the co~tainer about 10 percent full with Wlller. Agitate 
vigorously or recirculate water with !Ire ptllttP !"or 2 minutes. Pour or pump 
rinsa!e into appliealion cquipntenl or nnsa!e collcclion syslem. Repeal ~liS 
rinsing procedure two more times. Then of!Cr for rccyeling, if available, or 
reconditioning, or puneture and dispose of in a S~ltilary land Ell I, or by other 
procedUre approved by slate anJ local authorities. 

NET CONTENTS SHOWN ELSEWHERE ON CONTAINER 

NNALCO 

NALCO 60620 
A MICROORGANISM CONTROL CHEMICAL 

ACT!Yll!NGREDICNT: 
Ammonium Sulfate .. 

INERT INGREDIENTS:_ 
TOTAL". 

EP,\ Reg. No. 1706-240 

.. ..... 200% 
.,,,_ _____ 8~.0% 

.. ...... 100 tl% 

EPA Est. No. 1706.1L-1 (SP) 
EPA Est No. !706-PA-1 (EL) 

EPA Est No 1706-WA-1 (VW} 
EPA Est. No. 1706-LA-2 (PL) 

KEEP OUT OF REACH OF CHILDREN 

CAUTION 
FIRST AID 

IF SWALLOWED: C•ll • !'<'iron eonnol oenter or d0<1or immedialdy for oe.alment 
aclvieo. Have p<IU>t! sip a g!= of water !fable !o swallow. J){! not induce vomilin;g 
unless told by a poison eontro! "'"'" or dn<tor Do 110\ gi~~ M)'lhing to ., 
unoo,.cio"" persoo. 
IF ON SKIN: Take off eon!ami!laled elothing Rinse skin immediately wilh plenty of 
water for 15-20 lninule~<. Call a !'<'i$011 oootro! etm!er or a doctor fur lr<aln!<!ll •dvieo 
IF IN EVES: Hold oy« open and rinse slowly """ gently wi!h water for !5-20 
1ninu1es. Rem ow: eon!ac! lenm, if p~U<nl, after tl!e fi"t ~ minmos, !hen eontinue 
rinsing Coli • poison control ee!!tef or a dn<to< for ~r<•lm<n! advice_ 
IF !NIL\LED•, Move perron to fn:sh air. If pe=>n is !101 breathing, c.oll ~II or 
ambulanees, then give l!!tifieial respiraOrn1, pref<fllbly moulh-to-moulh, ifp<>ssible_ 
Col! a P<>ison comml oeni<T or a dOC!or fur tmouneneadvice_ 

1\'0TE: H•ve t~o produe! eru!lainer or labcl wilh you w~rn oolling a poison eoolnll 
een!<r or acloetor, or going fur lre•lmenl 

SEE LEFT SIDE PANEL FORADDITIONAL PRECAUTIONARY 
STATEMENTS. 

Nulco Company 

1601 West Diehl Roatl 

Na~erville, IL 60563-1198 
EMERGENCY PHONE NO. (800) 424-9300 

••• ••• • • • ' • • .. •• . • 

• •• • • . • • • • 

~ 9 " .... .. ~ .. . . .. .. ~ ~ .. 

• • • • • • •• 

Revised 06/3012011 PRODUL'T 1$ NOT llliGUL\!EJi DtJHJN'ChRANSPORTATlON 
·~ ..... 

DmECfiONS FOR USE 
I!" a violation ofl'edcril Law to uso tl1is produ;! ia a HL1flll<I i11eonsisl"" "'"h il< 
labeli!lg. 

For tl1e <01\0ol ofbael<>io. algae at!d fungi_ Na!eo 60620 ""''rbe U>Od iaern'j"'"i"" 
with· I) an EPA .-.gisloml •odn.ou hypo<hlmite produe! (12.5%) to prc•l"e" 
chloramine: Md 2) the O><iPRO de!iue.y <yslo.m a! a pll of2c12., desmk<l !><low_ 

Nako 60620 ru1d t~o wdmm hrpoehlmi!O are mi>ed in 1he specially <!<sign«! Q_,;pt~_Q 
delive.y sys1<1n lhat produces the o!Joramine solu6on on s!le. The pro.ln<!5 '"' 
ble!lded to achieve a minimum rnolarra!io of 1.0-12 to t_O N•leo 6%20 !o so'H""' 
hyp<>chl<>rit< (125%}- The ehloramine is typically achieved by mixing 15 gano,s uf 
Naleo 6%20 with 1.0 galloo of sodium h)'J1oel1lo,ite (12 5%). 1he OxiPRO !leliue.y 
system eontrnller ens"""' tl10 aulorna6e produotion of tl10 .!,lute <hloramiae sol!!!!on, 
<Olltrob the optioni"-'tion oftl~e production pl<>«:SO, Md em;illes adequa1e doli>!£ into 
lhe waler syS!em requiring tr.,.nurnl The d"ign, trealm<ll~ ioti!allolion, eahbro!<nn, 
Md ope,..lion oftl10 feeding syS!em ;,, all piMts ,. 10 b< <OnduetOO 0.1ly by o!!tllmiuol 
.,d !rained p<rsoru~el, 

Use of this prodn<! fut any other f'U<PO>e oc conn"')' to lho in>nncliono below, or 
wilhoue the •upervisiou of authoriz;OO trained p<rsofll!d is proloibited. 

Note: Do no! use olho.r feeding modes 10 roix Naleo 611620 aad tl1e sodi>ml 
l!)'p<><blo>il"- Non-au!hcriz<d !""Onnd are pm!Ubiled from opefllling or olhcrwiso 
handlmg tl!e foeding .<ys~om or;,. eh<:mical ingr<dionl> 

PULl' AND PAI'ERMlLL WA1ER SYSTEMS 

Doo•ge Ra!<s: When lhe sys1etn is noOeeab!y fouled, apply sufficient Nalco 60620 
m<l sodium h)'P<'eiJo,it< to aehieve a <hlorino residual in e.<ess oflhe syst<•n o"d:m! 
den!.,d. The chloramine solntioo p!odu<cd by lhe deliV¢0}' sys!<m is i1nmcdi>!ely 
..Wed to !h< P""""'' w.ter.l for which 1reao'"'" is required. T110 chloramine <1>h11ion 
may be !Idled !o ""J' point of mrifonn mixing. Addinon moy b< eon!inuo!!S or 
in!<nnincnt dep<ndmg on tho m:verity of lhe eonlamina6o, wl!<n trea~nen! '"""• and 
on olh<:r :;ysl<m opera~on parnme!ers 

A SLUG FEED METHOD 
lniti•l Do<<= When !he system is notioeably fouled, add tl!e approprio!O a~nO!!\!I of 
ehl001mine !o ~!e system to obtain fron1 I to 10 PI"" tO!al <Wailab!e cltlO!il!e. TI:e 
<hlornnine is acltievcd by mixing 1.5 gallons of Naleo 6%20 wilh 1.0 gallon of 
•odium hypochloril< (12.5%) Repearuntil conlrol js aehieved. Badly fouled systems 
rnu.r be ei<O!!ed before""'"'"'!! is b<gun_ 
Subsequel!t Dooc Wl1<n miombial control is eo,ident, add tl1o 'I!Pfopriate aJnow!l of 
ehlo~amine to tl~e sy<lem daily, or as ne<<led to rnaintaia <OO!!rol and keep tl1e Into I 
d!lorinemidua! at I to 10 ppm, 

B. INTeRo\UTTENT FEED MET!fOD 
Initial Dose: When lhe system is noOeeab!y fouled, •o.l<l tho approplia1e arnown of 
chloramine !o tl10 5)'stern !o obtMn from I to 10 ppm !ol>l avm!ab!e eltlmino. 'll!e 
<hlornnil10 is O<hieved by mixing 1.5 gallons of Nalen 60620 wilh 1.0 g•llon of 
sodium hypochlori!O (12.5%). Badly fouled •y•l<ms nnli! be ekaned \x:fun: "'""""'! 
is bej)\!n-
Subsequent Do<e: When miorobiol eonool is evicl.,,t, add !he •pprop1iat< aJ\lount of 
ehlornmine 10 the 5)'>1em to obtain a I - 10 ppm lola! el!lorine residual_ 

C CONTINUOUS FEEO METllOD 
!ni<ial D,.e: When lho .<y<IO!n is notieeab!y foul<d, odd tho •ppropna!< an!oun! of 
el~oramine to the system to obtain I !o 10 ppm lol:ll avm!ab!e ehloriO!o. '!110 
el~oramino is ao:lrieved by rni:<ing 1.5 gallons of Noleo 60620 W!tl! 1.0 gol!on of 
sodium hypod!lo>i!e (12.5%). Badly fod<tl •yslen>> Trn!SI \x: ekan<tl b<fo10 lr<annem 
is b"l.~'"· 
Subseqnen! Dosage: M•int.in llris treanneo!l levd by stllr1iUg a <nntmnous fe01! of 
d!lo,..mino to mainlain a I to W ppm to!al chlorine re<idual. 
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Please read i11slrllcliaus Oil reverse before completlj'~ form. Form Approved. OV" No- 2070-0060, A rovnl ex ires 2-28-95 

L. .d Stutes D R.___~Jstration OPP Identifier Number 

EPA Environmental Protection Agency ~Amendment 
Washington, DC 20460 Other 

Application for Pesticide- Section I 
I. Company/Product Number 2. EPA Product Manager 3. Proposed Classification 
1706-240 Velma Noble [S] None D Restricted 
4. Company/Product (Name) PM# 
Nalco 60620 31 
5. Name and Address of Applicant (luclude ZIP Cade) ' 6. Expedited Review. In accordance with FIFRA Section 3(c)(3) 
Nalco Company (b)(i), my product is similar or identical in composition and 
1601 West Diehl Road labeling to: 
Naperville, IL 60563 EPA Reg. No. __ 

D Check if this is a uew address I Product Name 

Section~ II 

D Amendment- Explain below. l2SJ Final printed labels in response to 

D Resubmission in response to Agency letter dated __ Agency Jetter dated June 29. 2011 

D Notification- Explain Below. 
D "Me Tao" Application 

D Other-ExplainBclow. 

Explanation: Use additional page(s) if necessary. (For Section I and Section II.) 

FORWARD ANY CORRESPONDENCE for this action to: Juli Mann, Steptoe & Johnson LLP, 1330 Connecticut Ave., NW, 
Washington, D.C. 20036. 

Section ~ III 
1. Malerial This Product Will Be Packa ed In: 
Child-Resistant Unit Packaging Water Solob!e Packaging 2. Type of Container 
Packaging DYes DYes 0Metal 
0 Yes 0No 0No 0 Plastic 
0No 0 Glass 

* Certification 
lf"Yes" No. per lf"Yes" No. per 0 Paper Unit Packaging wgt. Container Packaging wgt. I Container 

must be submitted 0 Other (Specify) __ 

3. Location of Net Contents Information 4. Size(s) Retail Container 5. Location afLabcl Directions 

0 Label 0 Container 
0 On Label 

0 On Labeling accompanying product 

6. Manner in Which Label is Affixed to Product kJ Lithograph Uother __ 

0 Paper Glued '"' . 
0 Stenciled 

. . 
" ... ~., 

Section- IV . • . . • 
L Contact Point (Cam /ere iteflJS direct/ below or idemi{icarion a individua/10 be contacted, i uecessa •, to rocess rhis application.) •'' • ~;_ 
Name Title Telephone N'}. (Jnciudc Area C'orl(l') 

'> >"' • , > ~ 
" 630-305-1455 

. " Linda J. Fane Research Scientist > , ... 
Certification 6~ pay; t}pplication 

I certifY that the statements I have made on this form and all attachments thereto are true, accurate and complete. I > Received 

acknowledge that any knowingly false or misleading statement may be punishable by fine ar imprisonment or both ; , (~~11,mped) 
under applicable law 

'~"d.to. g, 
3. Title 

A... Research Scientist 
4. Typed Naml!" / 5. Date 

LindaJ.Fane July t,20Jl 

EPA Form 8570-1 (Rev. 3-94) PrevJous edJtwns are obsolete. .. While EPA Fde Copy (ang~nal) Yellow Applicant copy 
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RE: Nalco 1706-~ reg. notice 
Mann, Juliana to: Tracy Lantz 06/30/2011 Ot:08 PM 
Cc: Velma Noble, Dennis Edwards, Melba Morrow 

~"---«-~---"-- c""-'-~-c:c"_"_""--" "~'--"«:""" _:_:: ____ " __ -« ___ <_«-<« ""-« _ "-- _ -------------"-

Thanks so much, Tracy. 
appreciate all of your 
patience. 

A very big THANK 
very hard work on 

Have a very good holiday '"eekend, 
JUli 

-----Original Message-----

YOU to 
this. 

Dennis, Melba, and 
Thank you for your 

Earl. I 
time and 

From: Lantz.Tracy®epamail.epa.gov [mailto:Lantz.Tracy@epamail.epa.gov] 
Sent: Thursday, June 30, 2011 12:47 PM 
To: Mann, Juliana 
cc: Noble.Velma@epamail.epa.gov; Edwards.Dennis®epamail.epa.gov 
Subject: Fw: Nalco 1706-241 reg. notice 

Here's the last one. 
It has been nice working with you, Juli. 
{Embedded image moved to file: pic31347.jpg) 

From: 
To: 
Date: 

Forwarded by Tracy Lantz/DC/USEPA/US on 06/30/2011 12:42 PM ----­

cts/cts/QP/USEPA/US®EPA 
Tracy Lantz/DC/USEPA/US®EPA 
06/30/2011 12:38 PM 

Subject: Nalco 1706-241 reg. notice 

Please open the attached document. This document was digitally sent to you 
using an HP Digital Sending device. [See attached file: 
[Untitled] .pdf] 
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~ 
11 1'¥:11i 

Fw: Nalco 1706-240 reg. notice 
Tracy Lantz to: Mann, Juliana 
Cc: Velma Noble, Dennis Edwards 
Bee: Philip Ross, Chris Kaczmarek 

Yet another registration notice. 

,; 
J a 

Tracy Lantz 
Regulatory Team 31 
Antimicrobials Division 
U. S. Environmental Protection Agency 
Phone: (703)3os-6415 
FAX: (703) 308-8481 

---- Forwarded by Tracy Lantz/DC/USEPAIUS on 06/30/2011 12:42 PM ----

From: 
To: 
Date: 
Subjecl'. 

cts/cts/QP/USEPA/US@EPA 
Tracy lantz/DC/USEPA/US@EPA 
06/30/201112:37 PM 
Nalco 1706-240 reg. notice 

06/30/2011 12:46 PM 

Please open the attached document. This document was digitally sent to you 

~ 
using an HP Digital sending device. [Untilledl.pdf 
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U.S. ENVIRONMENTAL PROTECTION 
AGENCY 

Office of Pesticide Programs 
Antimicrobials Division (751 OP) 
1200 Pennsylvania Avenue NW 
Washington, D.C. 20460 

NOTICE OF PESTICIDE, 
X Registration 

Reregistration 

(under ~~ERA, ~s amended) 

Name and Address of Registrllilt (inelude Z.IP Code): 

Natco Company 

1601 West Diehl Road 

Napervme, IL 60563 

i 

EPA Reg. 

Number, 

1706-240 

Term of 

JUN 2 9 2011 

Name of Pesticide Product: 

Nalco 60620 

On the basis of information furnished by the registrant, the above named pesticide is hereby registered/reregistered under the Federal 

lnsed!elde, Fungicide and Rodenticide Act. 

Registration is in no way to be construed as an endorsement or recommendation ofthis product by the Agency. Jn order to protect 

health and the envlronmenl, the Administrator, on his motion, may al any Ume suspend or cancel the regJS!ration of a pe!tiCide in 

accordance with the Act. The acceptance of any name in connection with the registration of a product under this Act is not to be 

construed as giving the registrant a right to exclusive use of the name or to its use if it has been covered by others. 

This product (OPP Decision No. D443828) is unconditionally registered in accordance with 
FIFRA sec 3(c)(5) provided that you: 

1. Make the labeling changes listed below before you release the product for shipment: 

a. Revise the "EPA Registration Symbol to read, "EPA Reg. No. 1706-240 

of Approving Official: 

VelmaNob;e t:(~~ ~ 
Product Manager TeamT31 
Regulatory Management Branch 
Antimicrobials Division (7510P) 

JUN 2 9 2011 

i 
' ' 
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Page2 
EPA Reg. No. 1706-240 

b. Revise the Precautionary Statements to read as follows. 
"CAUTION: Harmfol if swallowed or absorbed through the skin. May cause irritation to 
the eyes and skin. Do not get in eyes, on skin, or on clothing. Use with adequate 
ventilation. Wear protective eyewear (goggles, face shield or safety glasses), protective 
clothing and protective gloves (rubber, chemical resistant) when handling. Remove 
contaminated clothing and wash clothing before reuse. Wash thoroughly with soap and 
water afler handling and before eating, drinking, chewing gum, using tobacco or using the 
toilet." 

c. As per PR Notice 2001-1, revise your First Aid statements such that to be 
ordered from most toxic to least toxic route of exposure. Revise the order to read "If 
Swallowed" followed by "If On Skin" followed by "lfln Eyes" and "Iflnhaled." 

d. Revise the first two sections of the "Directions for Use" as follows: " ... For 
the control a/bacteria, algae and fungi. Nalco 60620 must be used in conjunction with: 1) an 
EPA registered sodium hypochlorite product (12.5%) to produce chloramine; and 2) the 
OxiPRO delivery system at a pH of> 12 as described below. Nalco 60620 and the sodium 
hypochlorite are mixed in the specially designed OxiPRO delivery system that produces the 
chloramine solution ... The design, treatment, installation, calibration, and operation of the 
feeding system in all plants is to be conducted only by authorized and trained personnel." Also 
delete the two other instances of "stabilized chlorine" in these sections and replace with 
"chloramine. " 

e. Revise the Pulp and Papermill Water Systems section by deleting both instances of the 
phrase "stabilized chlorine" and replacing with "chloramine." 

f. Revise the Slug Feed Method, Intermittent Feed Method, and Continuous Feed 
Method sections to be in agreement with PR Notice 2000-5 which specifies mandatory language 
in the directions for use. Revise the statements in each of these sections by deleting the words 
recommended and typically. In addition, delete all references in this section to "stabilized 
chlorine." Revise all instances of stabilized chlorine to state "chloramine." Revise these 
statements as follows: " ... The chloramine is achieved by mixing ... " or " ... the appropriate 
amount of chloramine to the system ... " 

g. Add the following Physical and Chemical Hazards section to your label: 
"Physical and Chemical Hazards: Direct mixing of this product with sodium hypochlorite 
solutions and other strong oxidizing and alkali chemicals will release hazardous gases. Only 
mix with other chemicals or materials solutions following the Directions for Use of this 
product." 
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Page 3 
EPA Reg. No. 1706-240 

2. Submit three (3) copies of your final printed labeling before distributing or selling the 
product bearing the revised labeling. 

Your release for shipment of the product constitutes acceptance of the above label 
changes. A stamped copy of the label is enclosed for your records. Should you have any 
questions regarding this letter, please contact Tracy Lantz at lantz.tracvlw,epa.gov or 
(703) 308-6415. 

Enclosure: Stamped Label 

Sincerely, 

~rt~~~ 
Velma Noble 
Product~anager(31) 

Regulatory Management Branch 
Antimicrobials Division (7510P) 
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SYMBOL. 

DATE 

UNIT' STATES ENVIRONMENTAL PROTECTJI-. AGENCY 

U.S. ENVIRONMENTAL PROTECTION 
AGENCY 

EPA Reg. 

Number: 4 

nate of Issuance: 

Office of Pesticide Programs 
Antimicrobials Division (751 OP) 
1200 Pennsylvania Avenue NW 
Washington, D.C. 20460 

(under FIFRA, as amended) 

NOTICE OF PESTICIDE, 
X Registration 

Reregistration 

1706 2 9 201; 

Name of Pesticide Product: 

Nalco 60620 
d 
~ 
;z_ 

~N-a_m_o--an_d __ A_d_d-ro_a_a __ o_f_R_o_g_i-at_r_a_n_t __ l>_n_o_l-ud_o __ Z_I_P_C_o_d_o_)_,------------"------------------------ ~ 
i OL 

Nalco Company 

1601 West Diehl Road 

Naperville, IL 60563 

On the basis of information furnished by the registrant, the above named pesticide is hereby registered/reregistered under the Federal 

Insecticide, Fungicide and Rodenticide Act 

Registration is in no way to be construed as an endorsement or recommendation of this product by the Agency. In order to protect 

health and the environment, the Administrator, on his motion, may at any time suspend or cancel the registration of a pesticide in 

accordance with the Act. The acceptance of any name in connection with the registration of a product under this Act is not to be 

construed as giving the registrant a right to exclusive use of the name or to its use if it has been covered by others. 

This product (OPP Decision No. D443828) is unconditionally registered in accordance with 
FIFRA sec 3(c)(5) provided that you: 

1. Make the labeling changes listed lfelow before you release the product for shipment: 

a. Revise the "EPA Registration Symbol to read, "EPA Reg. No. 1706-240 

~vi;;~ ;\ 
Velma Noble ~ J 
Product Manager Team· 31 

JUN 2 g 2011 

EPA Form 1320-1A (1190) 
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SYMBOL 

Page2 UNJT' STATES ENVIRONMENTAL PROTECTII'···P.GENCY 
EPA Reg. No. 1706-240 ' ' 

b. Revise the Precautionary Statements to read as follows. 
"CAUTION: Harmful if swallowed or absorbed through the skin. May cause irritation to 
the eyes and skin. Do not get in eyes, on skin, or on clothing. Use with adequate 
ventilation. Wear protective eyewear (goggles, face shield or safety glasses), protective 
clothing and protective gloves (rubber, chemical resistant) when handling. Remove 
contaminated clothing and wash clothing before reuse. Wash thoroughly with soap and 
water after handling and before eating, drinking, chewing gum, using tobacco or using the 
toilet." 

c. As per PR Notice 2001-1, revise your First Aid statements such that to be 
ordered from most toxic to least toxic route of exposure. Revise the order to read "If 
Swallowed" followed by "If On Skin" followed by "!fin Eyes" and "lflnhaled." 

d. Revise the first twn sections ofthe "Directions for Use" as follows: " ... For 
the control ofbacteria, algae and fungi. Nalco 60620 must be used in conjunction with: 1) an 
EPA registered sodium hypochlorite product (12.5%) to produce chloramine; and 2) the 
OxiPRO delivery system at a pH of> 12 as described below. Nalco 60620 and the sodium 
hypochlorite are mixed in the specially designed OxiPRO delivery system that produces the· 
chloramine solution ... The design, treatment, installation, calibration, and operation of the 
feeding system in all plants is to be conducted only by authorized and trained personnel." Also 
delete the two other instances of "stabilized chlorine" in these sections and replace with 
"chloramine. " 

e. Revise the Pulp and Papermill Water 'Systems section by deleting both instcinces of the 
phrase "stabilized chlorine" and replacing with "chloramin~." 

f. Revise the Slug Feed Method, Intermittent Feed Method, and Continuous-Feed 
Method sections to be in agreement with PR Notice 2000-5 which specifies mandatory language 
in the directions for use. Revise the statements in each of these sections by deleting the words 
recommended and typically. In addition, delete all references in this section to "stabilized 
chlorine." Revise all instances of stabilized chlorine to state "chloramine." Revise these 
statements as follows: " ... The chloramine is cfchieved by mixing ... " or " ... the appropriate 
amount of chloramine to the system ... " 

g. Add the following Physical and Chemical Hazards section to your label: 
"Physical and Chemical Hazards: Direct mixing of this product with sOdium hypochlorite 
solutions and other strong oxidizing and &lkali chemicals will release hazardous gases. Only 
mix with other chemicals or materials solutions following the Directions for Use of this 
product." 

COHCURR!HCIS 

., 
, 

--- ........... ················ ..................................... -... .......... ······-··-······ ····•············· ···············- ....... - - ''"' 
SURNAME . ................................ . ................. - ........ -....... . ................. 1 .................................................... . 
OATE 

EPA Form 1320-1A(1..W) OFFICIAL FILE COP'( 
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Page 3 
EPA Reg. No. 1706-240 

2. Submit three (3) copies of your final printed labeling before distributing or selling the 
product bearing the revised labeling. 

Your release for shipment of the product constitutes acceptance of the above label 
changes. A stamped copy of the label is enclosed for your records. Should you have any 
questions regarding this letter, please contact Tracy Lantz at lantz.tracy@epa.gov or 
(703) 308-6415. 

Enclosure: Stamped Label 

Sincerely, 

"Th-~N-~~ 
Velma Noble 
Product Manager (31) 
Regulatory Management Branch 
Antimicrobials Division (7510P) 

7510P:T. Lantz:6/29111: 1706-240 ammonium sulfate AD reg notice 
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Decision Document for Registration of a Pesticide Product 
Containing the New Active Ingredient Ammonium Sulfate 

for Use in Pulp and Paper Mill Water Systems 

June 29, 2011 

U.S. Environmental Protection Agency 
Office of Pesticide Programs 

Antimicrobials Division 
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Decision Document for Registration of a Pesticide Product 
Containing the New Active Ingredient Ammonium Sulfate 

for Use in Pulp and Paper Mill Water Systems 

Harrigan-Farrelly, Director 
Antimicrobials Division 

Date: 6 {fL q / P-ol/ 
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Registration of a Pesticide Product Containing the New Active Ingredient Ammonium 
Sulfate for Use in Pulp and Paper Mill Water Systems 

I. REGULATORY SUMMARY 

The U.S. Environmental Protection Agency (EPA or the Agency) is granting a registration for 
a pesticide product containing the new active ingredient, ammonium sulfate. After careful 
review of the registration application and a review of the risk assessment conducted for 
ammonium Sulfate, EPA has decided that no ·additional data are needed at this time to support 
this registration. As a result, EPA is granting the registration application without conditions. 
The Agency has determined that when the product is used according to label directions and in 
accordance with widespread and commonly recognized practices, it will not generally cause 
unreasonable effects on hwnan health or the environment. Nalco 60620 contains 20% 
ammonium sulfate and is mixed on site with sodium hypochlorite to form chloramine and used 
as a slimicide in pulp and paper mill water systems at a residual chlorine level of 1-10 ppm. This 
reaction occms in situ (on site) using only the specially-designed OxiPRO delivery system 
operated by authorized and trained personnel. Ammonium sulfate is similar in chemical make­
up and intended use to a currently registered product containing ammonia (ammonium ion) as the 
active ingredient. Ammonium sulfate is classified as GRAS in section 184.1143 ofFDA's CFR 
21 for direct addition to food and for use in food contact materials. 

Chloramine and hypochlorous acid are the only potentially toxic compounds resulting from 
the reaction 9fammonium sulfate and sodium hypochlorite in the OxyPRO delivery system that 
could be transferred to food through treated paper and paperboard used for food contact. Two 
additional potentially toxic reaction products, dichloramine and trichloramine (also called 
nitrogen trichloride), may theoretically form under certain conditions such as in swimming 
pools.' [Ref. 1] 

FDA has concluded that monochloramine is not expected to become a component of food as 
a result of the use of ammonium sulfate in the manufacture of food contact paper and paperboard. 
[Ref2] The Agency concurs with the FDA conclusions. Although limited toxicity data are 
available on chloramine, neither it nor hypochlorous acid is expected to remain in the paper to 
migrate to food due to their high water solubilities and rapid degradation. The only other 

1. The Agency is aware of literature suggesting that in swimming pools where the pH is typical!) 7.0 -7.5, there may be an 

excess of chlorine to react with ammonia/ammonium ion resulting from the hydrolysis of urea excreted by swimmers via the 
urine and sweat; these are conditions favorable to the formation of dichloramine and Jesser amounts of the volatile and irritating 
nitrogen trichloride (trichloraminc). However, the OxiPRO system does not usc an excess of the chlorine source (sodium 
hYPOchlorite) relative to the nitrogen source {ammonium sulfate} and the pH is maintained at <!12. Therefore, virtually none of 
the other two potential products {dichloramine and nitrogen trichloride) are e:-.:pected to fonn because there is insufficient sodium 
hypochlorite present 10 chlorinate the chloramine one or two additional times. Also, formation of dichloramine and nitrogen 
trichloride is minimal above pH 8. This is supported by air monitoring data submitted by Nalco from two paper mills. [Ref. I, 4 
and 5] 
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residues in paper will be sulfate, nitrate, ammoniUlll, and chloride ions which are not of 
toxicological concern. No dietary (food) risks are expected to be associated with the proposed 
uses. 

As a matter of policy, EPA generally invites the public to comment on its fmal registration 
decision documents for certain registration applications prior to formally issuing such decisions. In 
this instance, however, the Agency has determined that such a public comment period prior to 
issuance of the fmal decision document is unnecessary, in as much as it would be duplicative ofthe 
extensive public comment period (and related additional public process) that has already been 
provided in connection with this pesticide product. Specifically, three petitions were previously filed 
with the Agency variously questioning whether this ammonium sulfate product and a somewhat 
similar urea-based product in fact need to be registered as biocides under FIFRA. All doctunents 
submitted by the three petitioners and all public comments submitted as part of the public process the 
Agency provided in coiUlection with the three petitions are contained in docket number EPA-HQ­
OPP-2009-1005. EPA's regulatory decision in response to those petitions is also contained in that 
docket. On February 2, 2011, EPA published a Notice of Receipt (NOR) in the Federal Register 
concerning the Nalco registration applications received in December 2010. A public comment 
period opened upon publication of the NOR for the registration applications. EPA established a 30 
day comment period that closed on March 4, 2011. In light of these unique circumstances, EPA does 
not see the need to engage in an additional public comment process relating to this particular 
pesticide product prior to issuing this final registration decision. Nonetheless, EPA will keep the 
docket that it has established for this registration decision open for 30 days after issuing this 
registration decision in order to allow for the submission of any previously unsubmitted data or 
information that is believed to pertain to the potential impact of this pesticide product registration 
decision on hwnan health and the environment. After the 30 day comment period has run, the 
Agency will review anything submitted and assess its possible impact on this registration decision. 
If the Agency determines that no change is necessary in connection with this registration decision, 
this registration decision process will be deemed closed. 
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II. REGULATORY BACKGROUND 

The NalcO Company submitted an application on December 23, 2010 for the registration of an 
ammonium sulfate product (Nalco 60620). The product is intended for use in conjutiction with 
sodium hypochlorite for use as~ sl~cide in pulp and paper mill water systems. In 2005, a hazard 
assessment was' conducted'-fof·'chloramine ·(mon'oC:hlorarn:irie) wlrich is the compound that is 
produced in the OxiPRO closed system reactor from the combination of ammonium sulfate and 
sodium hypochlorite. The chloramine is metered into the pulp and paper water system where it 
degrades to hypochlorous acid. 

Chloramine is formed when ammonium sulfate is mixed with sodium hypochlorite and 
applied to pulp and paper mill water systems. Ammonium sulfate is the compound that is 
packaged, sold, shipped, and initially applied and is considered by the Agency to be the "active 
ingredient" for registration and labeling purposes. 

III. STRUCTURE AND NOMENCLATURE 

Table 1: Structure and Nomenclature of Ammonium Sulfate and Chloramine 

Chemical Structure: Ammonium Sulfate 

[ . ] [ o, o-] NH + 'S/ 4 / ........ -o 'O 
2 

Chemical Structure: Chloramine 

Common Name Ammonium Sulfate 
Molecular Formula !Nf ,so, 
Molecular Weight 132 
IUPACName Diazanium sulfate 
CAS Number 7783-20-2 
PC Code 005601 

Chloramine 
H2CIN 
51.48 
Chlorarrlide 
10599-90-3 
N/A 
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IV. PHYSICAL AND CHEMICAL PROPERTIES 

Table 2: Physiochemical Properties of the Ammonium Sulfate and Chloramine 

V. HUMAN HEALTH RISK ASSESSMENT 

A summary of the human health risk associated with the use of Ammonium Sulfate in pulp 
and paper production is provided below. 

• Ammonium sulfate has low acute toxicity. [Ref3J 
• Longer term mammalian dosing studies resulted in such low toxicity that toxicity 

endpoints could not be selected. [Ref 3] 
• The only potentially toxic compounds resulting in the water system that could migrate to 

food are chloramine and hypochlorous acid; however, they are not expected to remain in 
the paper to migrate to food. The only residues in paper are expected to be sulfate, 
nitrate, ammonium, and chloride ions which are not of toxicological concern, Therefore, 
no dietary (food) risks are expected to be associated with the proposed uses. [Ref 1 and 4] 

• Occupational risks from ammonium sulfate are not anticipated to be of concern because 
ammonium sulfate is handled in a closed system. Occupational exposure to chloramine is 
not expected because chloramine is not expected to volatilize. [Ref 5] 

• With regard to hypochlorous acid, there is no anticipated exposure of concern because 
dermal exposure is not likely in a commercial paper mill due to the fact that the product is 
handled in a closed system and inhalation exposure is not expected because hypochlorous 
acid is not volatile. [Ref 4 and 5] · 

• Vezy low levels of chloramine and hypochlorous acid may be discharged into the mill's 
holding ponds/lagoons but these would rapidly dissipate before there is the potential to 
contaminate drinking water. Therefore, no drinking water risks are expected from the 
proposed uses. [Ref 1 and 4] 

• Owing to its commercial, industrial nature, the pulp and paper mill water system use 
pattern has no associated residential exposure.(Ref 4 and 5] 
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Ammonium sulfate is exempt from the requirements of a tolerance when used as an inert 
ingredient in pesticide formulations applied to growing crops or to raw agricultural commodities 
after harvest (40 CFR § 180.91 0). Ammonium and sulfate ions are normal body constituents. 
Ammonium ion is important in body pH balance and is converted to urea prior to excretion. It is 
essential for biological processes such as serving both as a precursor and a degradate of amino 
acids and nucleotides. It is a naturally-occurring crop constituent that is found in commonly­
consumed foods. [Ref3 and 4] 

Ammonium sulfate dissociates in biological systems, and the results from studies testing 
other ammonium salts can be applied to ammonium sulfate, as it is the ammonium ion that is the 
substance of concern from a toxicological standpoint. Fertility and developmental toxicity 
studies testing ammonium sulfate were not conducted; however, there are studies that have been 
conducted with other ammonium salts that can provide information on the toxicity of the 
ammonium ion. A screening study conducted according to the OECD TG 422 protocol dosing 
with ammonium phosphate as an analog substance (forms ammonium ion in water) is available 
and studies with other ammonium compounds were used for assessment of fertility and 
developmental toxicity. Based on the results of these studies, ammonium compounds have not 
been associated with adverse developmental effects. [Ref3] 

There are no in vivo genotoxicity data on ammonium sulfate. However, results from in vitro 
studies indicate that ammonium sulfate is not genotoxic. The results from in vitro studies are 
supported by an in vivo study conducted with ammonium chloride which also concluded that the 
ammonium ion was not genotoxic. Based on the results from both in vivo and in vitro 
genotoxicity studies, mutagenic activity of ammonium sulfate is unlikely. [Ref3] 

Based on its natural occurrence, being a human metabolite, history of safe use as a direct food 
additive, and due to the absence of adverse effects in test animals at high doses, there is no 
hazard expected from human exposure to ammonium sulfate. Therefore, toxicity endpoints for 
ammonium sulfate were not selected and quantitative risk assessments are not warranted. 
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a. Toxicity 

Due to the low toxicity of ammonium sulfate, there are no endpoints of concern. Table 3 provides the 
acute toxicity values for ammonium sulfate. 

Table 3: Acute Toxicology Summary for Ammonium Sulfate Active Ingredient 

Guideline 
No. Study Type MRID Results Toxicity 

Cateaory 

870.1100 Acute Oral 483408-05 LD50 > 2000 mglkg lli 
(81-1) 

870.1200 Acute Dermal 
483408-05 LDw > 2000 mglkg in rats/mice Ill 

(SI-2) 

"i8icj~" Acute Inhalation 483408-05 LC50 > !000 mgfm:; IV 

870.2400 
483408-05 

(8I-4) Primary Eye Irritation Non-irritant IV 

870.2500 
Primary Skin Irritation 483408-05 Non-irritant IV 

(SI-5) 
OECD 2006 SlDS 

870.2600 Dermal Sensitization* Initial Assessment Non-sensitizer NIA 
(8I-6) Report Anunonium 

Sulfate 

*Dermal sensitization study conducted with ammonium hydroxide. Anunonium ions are non­
sensitizing. 

Chloramine 

A hazard assessment was conducted in 2005 for chloramine (monochlorarnine ), the compound that 
will be formed when ammonium sulfate is combined with sodium hypochlorite. [Ref 6]. When the 
chloramine is metered into the paper mill water system, it degrades into hypochlorous acid. The 
following conclusions can be made with regard to human hazard of chloramine based on the 2005 
hazard assessment: 

• Due to the chemical relationship between chloramine and chlorine, the Agency concluded 
that developmental studies conducted with chlorine could be used to satisfy data 
requirements for chloramine. Based on this, developmental studies conducted with chlorine 
demonstrated no concerns for increased sensitivity to offspring. [Ref 6] 

o Multi-generational reproduction studies conducted with chloramine resulted in no effects on 
parental animals or offspring. [Ref 6] 
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• Chloramine was neither carcinogenic nor mutagenic. [Ref 6] 
• An oral reference' dose (RfD) ofO.l mglkg/daywas calculated for chloramine. This dose was 

based on the results of a chronic oral study in Fisher 344 rats in which a decrease in body 
weight was reported at doses greater than 9.5 mglkg/day (NOAEL). An uncertainty factor of 
1 OOX was applied. Oral exposure at the pulp and- paper mill is not expected to occur and 
residues of chloramine are not expected to migrate to food. [Ref 6) 

b. Occupational Risk 

Handler Exposure and Risk 

The registration of ammonium sulfate is not anticipated to result in any risks of occupational 
exposure to ammonium sulfate because ammonium sulfate is of low toxicity and it is handled in 
a closed system. It is also anticipated that the reaction of ammonium sulfate with sodium 
hypochlorite will be controlled to enhance the production ofmonochloramine Occupational 
exposure to chloramines and the hypochlorous acid it releaSes is not expected because no dermal 
exposure is expected with the OxiPro closed system and because these two componnds are not 
likely to volatilize. This is supported by air monitoring data submitted by Nalco from two paper 
mills. See footnote on page 3. 

c. Residential Risk 

There are no residential uses for this product. 

2. Environmental Risk 

a. Environmental Fate and Exposure 

Am.monhnn ions or ammonium sulfate are not likely to pose any risks of concern in 
environmental media including air, soil, and water. Ammonium sulfate is an inorganic chemical 
and is a highly water-soluble salt. It has no measurable vapor pressure. lt is not likely to 
bioaccurnulate in aquatic organisms, although there have been reports of ammonia uptake by 
fish. Environmental fate guideline (Series 835) studies like hydrolysis and aqueous photo 
degradation are not applicable to ammonium sulfate because ammonium sulfate is an inorganic 
substance and the fate guidelines are not applicable to inorganic substances. Ammonium ion 
does not exist by itself and ammonium sulfate is adsorbed on soils and sediments. In clay 
particles of soil, it is adsorbed on the negative adsorption sites. Under anaerobic conditions, the 
adsorption is weaker than under aerobic conditions. [Ref7] 

Ammonium ion is present in various environmental media like water and soils. It does not 
remain in any one environmental medium and is recycled into various environmental media over 
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the course of time. In air, it exists as ammonia gas; the half-life in air is estimated to be a few 
days. Ammonium ion, under basic conditions can be converted into ammonia gas, which escapes 
into the atmosphere. [Ref 7] 

The central atom in ammonia is nitrogen which is one of the most active elements. Ammoniwn 
ion is essential to the nitrogen cycle in biological systems serving as the nitrogen source in the 
synthesis of amino acids, the building blocks of proteins. Nitrogen exists in a variety of 
oxidation states. Under aerobic aqueous conditions, ammonium ion is readily biodegraded by 
bacteria through the process called nitrification. [Ref 7] 

b. Ecological Effects 

Based on the proposed use pattern for this registration, anunonium sulfate is not expected to 
result in acute or chronic risks to terrestrial birds, mammals, or plants or to aquatic species. Under 
proposed conditions of use, the product is not expected to result in exposure based on the fact that it 
is being used indoors in pulp and paper mill water systems. Although traces of oxidative residues 
(such as chloramine) in the waste water may be discharged into the holding ponds or lagoons ofthe 
paper mill, these will rapidly degrade and will not enter aquatic or terrestrial environments. As 
endangered species are not expected to be exposed, a quantitative or more refmed endangered 
species effect determination is not necessary at this time. No additional ecological testing will be 
necessary. [Ref 4 and 8] 
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Table 4: Acute Ecotoxicity Studies for Ammonium Sulfate 

STUDY TYPE AUTHORS RESULTS CLASSIFICATION 

Acute Toxicity to Tony Hasler 24- and 48-hour Acceptable 
Daphnia magna Springborn EC50 ~ >5000 and 
(850.1010) Smithers Labs 4044mg!L, Practically nontoxic 

respectively 
48-hour NOEC ~ 
1250 mg/L 

Acute Toxicity to bluegill Tony Hasler 96-hour LC50- Acceptable 
sunfish (850.1 075) Springborn 354 mg!L 

Smithers Labs 96-hour NOEC ~ Practically nontoxic 
62.5 

Acute Oral Toxicity Test Jennifer Stafford LD50->2003 Acceptable 
(LD50) with northern Springborn mglkg body weigbt 
bobwhite (850.2100) Smithers Labs NOEL~2003 Practically nontoxic 

mg/kg body weight 
Acute toxicity to rainbow Tony Hasler 96-hour LC50- 722 Acceptable 
trout (850.1075) Springborn mg!L 

Smithers Labs 96-hour NOEC ~ Practically nontoxic 
250mg/L 

All four studies were acceptable and could be used in a risk assessment, if one were necessary. The 
results demonstrated that the tested chemical, ammonium sulfate, was practically nontoxic to 
Daphnia magna, bluegill sunfish, rainbow trout, and northern bobwhite quail. 

REGISTRATION DECISION 

The U.S. Environmental Protection Agency (EPA or the Agency) is granting a registration for a 
pesticide product containing the new active ingredient, ammonium sulfate. After careful review of 
the registration application and a review of the risk assessment conducted for ammonium sulfate, 
EPA has decided that no additional data are needed at this time to support this registration. As a 
result, EPA is granting the registration application without conditions. The Agency has determined 
that when the product is used according to label directions and in accordance with widespread and 
conunonly recognized practices, it will not generally cause unreasonable effects on human health or 
the environment. 
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As previously described, EPA has not identified endpoints of concern for repeated oral or dermal 
exposure to ammonium sulfate. The registration of this use for ammonium sulfate is not expected 
to result in exposure to terrestrial birds, mammals, plants or aquatic species; therefore, EPA does not 
have concerns for non-target organisms. No additional studies are required to address the safety to 
humans and the environment. The human health risk assessment concluded that the databases are 
adequate to support the proposed registration. It is not anticipated that this registration of anunonium 
sulfate will result in any risk of dietary, occupational, residential, or aggregate exposure, as the 
chloramine degrades/reacts quickly in the pulp and paper mill water system, will be used in a closed 
system, and has no proposed residential uses. 

The environmental fate and effects reviews concluded that the registration of ammonium sulfate 
is not expected to cause any risks of concern to environmental media, including air, soil and water. 
The use pattern is not expected to result in acute or chronic risk to birds, mammals, plants or to 
aquatic species. A quantitative or more refmed endangered species assessment is not necessary as 
endangered species are not expected to be exposed based on the rapid degradation of residues and the 
use patterns for the product. 
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UNITED STATES ENVIRONMENTAL PROTECTION AGENCY 
WASHINGTON,DC 20460 

OFFICE OF CHEMICAL SAFETY AND POLLUTION PREVENTION 

Jnne 29,2011 

MEMORANDUM: 

Subject: Occupational Exposure Assessment for the Proposed Use of Ammonium Sulfate 
as Nalco 60620 in Pulp and Paper Mill Water Systems 

PC Code: 005601 DP Barcode: D391275 
Decision No.: 443828 Registration No.: 1706-EUN 
Petition No.: NA Regulatory Action: Product Registration - Section 3 
Risk Assess Type: Single Chemical CaseNo.: NA 
TXRNo.:NA CAS No.: 7783-20-2 
MRID No.: 48340810,48461201 40CFR: NA 

To: 

From: 

Thru: 

Tracy Lantz, Product Manager, Team 33 
Regulatory Management Branch I 
Antimicrobials Division (751 OP) 

Timothy C. Dole, CIH, Industrial Hygienist 
Risk Assessment and Science Support Branch (RASSB) 
Antimicrobials Division (7510P) 

Timothy Leighton, Senior Scientist -"! ~ 
Risk Assessment and Science Support Branch (RASSB) 
Antimicrobials Division (751 OP) 

And 

Nader Elkassabany, Branch Chief 
Risk Assessment and Science Support Branch (RASSB) 
Antimicrobials Division (751 OP) 

Page I of5 



40

EPA's Records Disposition Schet~···.., PEST 361 Scientific Dala Reviews HED Record· ~enler- File R19291 t- Page 2 of 6 

Introduction 

The purpose of this memo is to evaluate the potential for occupational exposure and risk 
resulting from the proposed use of ammonium sulfate to treat pulp and paper mill water systems. 
This evaluation is based on the proposed label, an exposure evaluation submitted by Nalco, air 
sample results provided by Nalco and information from the literature. 

Use Information 

Nalco 60620 is proposed for the control of microbial contamination in pulp and paper mill 
water systems. lt contains 20 percent ammonium sulfate as the active ingredient and it is used in 
conjunction with sodium hypochlorite (typically 12.5%) in a proprietary delivery system 
(OxiPro) to produce monochloramine on site. The OxiPro delivery system controller ensures the 
automatic production of the dilute chloramine solution, controls the optimization of the 
production process, and ensures the adequate dosing into the water requiring treatment. The 
treatment can be administered using the slug, intermediate or continuous feed methods. The 
specified dose is 1 to 10 ppm available chlorine for both initial and subsequent treatments. 

Exposure Assessment 

As discussed in MRID 483408-10 "Nalco 60620 - Discussion of Applicator Exposure Data 
Requirement", the OxiPro feed system is a closed system. The chemicals are supplied in 
refLllable portable totes, semi-bulk containers, or from tanker trucks and are transferred through 
hoses to storage tanks. The chemicals are then transferred from the storage tanks into the 
OxiPro feed system and then the mixture is pumped into the mill process. Based on this 
information it is anticipated that exposures to the precursor chemicals ammonium sulfate and 
sodium hypochlorite would be minimal and would not trigger any risk concerns. Although not 
specifically stated on the label, it is anticipated that the reaction will be controlled by maintaining 
alkaline pH to enhance the production of monochloramine, which is only slightly volatile from 
water while minimizing the production of trichloramine (also called nitrogen trichloride), which 
is highly volatile. As discussed in Kovacic et al., 1970, the product of the reaction of ammonia 
with chlorine or hypochlorous acid is chloramine when the pH >8. 

Air Sampling Data for Nitrogen Trichloride CNCh) in Paper Mills 

Nalco has submitted air sampling data (MRID 484612-01) where NCb air concentrations as 
total chloramines were measured in one paper mill that was using Nalco 60620 as a biocide (Mill 
#1) and in another paper mill that was using ammonium bromide as a biocide (Mill #2). 
Additional information regarding the characteristics of each mill was also reported in a letter 
(Mann, 2011 b) from the registrant's representative and is included in Table 1. lt should be noted 
that the location and production rate of each mill was reported but is not included in Table 1 
because it is confidential business information. 

Page 2 of5 
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Table 1 -Characteristics of Paper Mills Sampled in MRID 484612-01 
Characteristic Mill #I MiU#2 
Location Confidential Confidential 
Type of Paper Light weight coated Coated free sheet 
Produced Coated free sheet 

Uncoated free sheet 
Production Rate Confidential Confidential 
Ventilation Roof exhaust fans. Moisture capture Roof exhaust fan. Pocket ventilators in 
Design from exhaust fans in the diYer section. the dryer section for moisture control. 
Building 12,000,000 cubic feet 6,000,000 cubic feet 
Volume 
Airflow Not Reported 580,000 CFM 5.8 ACH) 

The samples were collected by either an IH Consultant (Mill #1) or by a Nalco Industrial 
Hygienist (Mill #2) using a sampling method based on Hery, 1995. This method includes a 
sampling cassette that contains a PTFE pre-filter to trap aerosols containing nonvolatile amines, 
such as monochloramine, and chloride compounds followed by primary and backup quartz fiber 
filters impregnated with sodium carbonate and diarsenic trioxide to trap NCb. Samples were 
collected at a flow rate of 1.0 liter per minute for 128 to 177 minutes at Mill #1 and for 240 
minutes at Mill #2. The samples were analyzed by Galson Laboratories, which is accredited by 
the American Industrial Hygiene Association, using ion chromatography in accordance with an 
in-house method based on Hery, 1995. This method detects total chloramines and has a limit of 
detection of 6 ug per filter. 

The results of the air sampling are summarized in Table 1. These results indicate that for 
Mill #1, NCb air concentrations exceeded 0.011 or 0.14 mg/m3 for samples 2AR, 2ARB and 
2ARC while for the remaining samples, NCh did not exceed the limit of detection that ranged 
from 0.03 to 0.05 mg!m3

• The actual air concentration for samples 2AR, 2ARB and 2ARC is 
unknown because significant breakthrough was detected on the backup treated filter. In Mill #2, 
the results ranged from non-detect to 0.13 mg/m3 and no breakthrough occurred though it was 
noted that heavy misting occurred at Location #I and significant eye irritation was experienced 
at Location #2. 

Page 3 of5 
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Table 1 Nitroeen Trichloride Air Samule Data Submitted Nalco 
Mill Location Sample Duration Result Treatment 
(Date) ID (Minutes) (mf!{m') 
Mill #I Paper Machine location confidential 2AR 135 >0.14* Nalco 60620 
(10114/08) Paper Machine location confidential 2ARB 153 >0.11* (Ammonium 

Paper Machine location confidential 2ARC 152 >0.14* Sulfate) 
Paper Machine location confidential 2CRFA 148 <0.04 
p er Machine location confidential 2CRFB 177 <0.03 
Pa er Machine location confidential 2CRFC 136 <0.04 
Pa er Machine loca1ion confidential 2SPOFA 134 <0.04 
Paper Machine location confidential 2SPOFB 160 <0.04 
Paper Machine location confidential 4RSA 127 <0.05 
Paper Machine location confidential 4RSB 151 <0.04 
Paper Machine -location confidential 4TRSA 128 <0.05 
Paper Machine location confidential 4TRSA 150 <0.04 

Mill #2 Location #1 Wet End Paper Machine 082609-1 240 0.067 Ammonium 
(08/26/09) Upper Platform Fourdrinier Bromide 

Location #2 Basement Machine Room 082609-2 240 0.13 
Platform Adiacent to Ooen Mix Chest 
Location #3 Walkway Wet Machine Room 082609-3 240 <0.02 
Adjacent to Lab 

• .. Break through occurred and the actual result could be greater than mdtcated. In addttron, rt IS not known rfthese 
results reflect NCh or other chlorine species because a silica gel tube was not used. 

The sampling method used by Gal son Laboratories is based on the method developed by 
Hery, 1995 for use in evaluating NCh exposures in swimming pools. This method was 
subsequently modified in Hery, 1998 for use in food processing plants to include a sulfamic acid 
treated silica gel tube in front of the treated filters. This tube was added to capture other chlorine 
species such as hypochlorites, monochloramine and dichloramine which would make the 
method more specific for nitrogen trichloride (i.e. trichloramine). Since this tube was not used in 
the samples submitted by Nalco, the results are not specific for nitrogen trichloride and could 
instead reflect the presence of other chlorine species such as monochloramine. 

Conclusion 

The registration of ammonium sulfate as Nalco 60620 is not anticipated to result in any risks 
of occupational exposure to ammonium sulfate because ammonium sulfate is of low toxicity and 
it is handled in a closed system. It is also anticipated that the reaction of ammonium sulfate with 
sodium hypochlorite will be controlled to enhance the production of monochloramine while 
minimizing the production oftrichloramine. It is recommended that the conditions needed to 
prevent the production oftrichloramine be stated on the label. 

The samples submitted by Nalco indicate that chloramines, which could include nitrogen 
trichloride, were detected at air concentrations ranging from 0.067 mg/m3 to greater than >0.14 
mg/m3

. The exact air concentration could not be determined, however, because breakthrough 
occurred. The identity of these chloramines is also unknown because the sampling method did 
not include a silica gel tube which would have screened out the less volatile amines such as 
monochlorarnine and dichloramine. 

Page 4 of5 
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Human Studies Considerations 

The exposure studies included in this risk assessment (Hery et al., 1995, Hery et al., 1998) 
have been cleared for use in risk assessment by the OPP ethics reviewers. 

References: 

Kovacic et al., 1970. Chemistry ofN-Bromoamines and N-Chloroamines, Kovacic, P., Lowery, 

M., Field, K., Chemical Reviews, Volume 70, Number 6, pp 639-665, 1970 

Hery et al., 1995. Exposure to Chloramines in the Atmosphere of Indoor Swimming Pools, Annals of 
Occupational Hygiene, Volume 39, Number 4, pp 427-439, 1995. 

Hery eta!., 1998. Exposure to Chloramines in a Green Salad Processing Plant, Annals of Occupational 
Hygiene, Volume 42, Number 7, pp 437-451, 1998. 

Mann, 2001 b. Response to your email of May 11, 2011. Letter from Julie Mann of Steptoe and Johnson 
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UNITED STATES ENVIRONMENTAL PROTECTION AGENCY 
WASHINGTON, DC 20460 

OFFICE OF CHEMICAL SAFETY AND POLLUTION PREVENTION 

6129111 

MEMORANDUM 

SUBJECT: Nalco Co. Proposed Registration of Nalco 60620 Slimicide 
Containing Ammonium Sulfate for Use in Paper and Paperboard 
Water Systems: Ecological and Human Health Risk Assessments. 

PC Codes: 
Ammonium sulfate: 005601 

I DP Barcode Nos.: D391302 

Chloramine: NA 
Decision Nos.: 443828 Reoistration Nos.: 1706-EUN 
Petttion No(s).: NA Regulatory Action: Registration of an end-use 

product containino a new active ingredient 
Risk Assess Type: Human health Case No.: NA 
and ecological 

TXR No.: NA 

MRID Nos.: NA 

FROM: 

THRU: 

CAS Nos.: 
. Ammonium su~ate: 7783-20-2 
i chloramine: 10599-90-3 
140 CFR: NA 

William Hazel, Ph.D., Risk Assessor a~ 
Risk Assessment and Science Support Branch I'Y r · · (5"' 
Antimicrobials DIVISIOn (7510P) 

Nader Elkassabany, Ph.D., Chief 
Risk Assessment and Science Support Branc 
Antimicrobials Division (7510P) 

TO: Dennis Edwards, Chief 
Regulatory Management Branch 1 
Antimicrobials Division (7510P) 

and 
Tracy Lantz, Chemical Review Manager 
Regulatory Management Branch 1 
Antimicrobials Division (7510P) 
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EXECUTIVE SUMMARY 

Nalco Co. has requested to register Nalco 60620 (EPA Reg. No 1706-EUN) 
containing 20% ammonium sulfate. This product is to be mixed on site with 
sodium hypochlorite to form chloramine and used as a slimicide in paper and 
paperboard water systems at a residual chlorine level of 1-10 ppm. Treated 
paper and paperboard may be used for food contact. 

The following conclusions have been drawn from the available information to 
address registration of this pending ammonium sulfate product and human health 
and ecological risks associated with use of this product as proposed: 

• The pesticide active ingredient in this pending product is ammonium 
sulfate. 

• Ammonium sulfate has low acute toxicity. Longer term mammalian dosing 
studies resulted in such low toxicity that toxicity endpoints could not be 
selected. 

• The only potentially toxic compound resulting in the water system is 
chloramine. Although only limited toxicity data are available on 
chloramine, it is not expected to remain in the paper to migrate to food. 
The only residues in paper will be sulfate, nitrate, ammonium, and chloride 
ions which are not of toxicological concern. Therefore, no dietary (food) 
risks are expected to be associated with the proposed uses. 

• Very low levels of chloramine and hypochlorous acid may be discharged 
but these would rapidly dissipate before there is the potential to 
contaminate drinking water. Therefore, no drinking water risks are 
expected from the proposed uses. 

• The paper and paperboard water system use patterns have no associated 
residential exposure. 

• Occupational risks from ammonium sulfate are not anticipated to be of 
concern because ammonium sulfate is of low toxicity and it is handled in a 
closed system. It is also anticipated that the reaction of ammonium sulfate 
with sodium hypochlorite will be controlled to enhance the production of 
monochloramine while minimizing the production oftrichloramine. Little 
volatilization of chloramine from water systems is expected. However, it 
may be advisable to minimize aerosol or mist generation. 

• The air sample results submitted by Nalco indicate that chloramines, 
which could include nitrogen trichloride, were detected at air 
concentrations ranging from 0.067 mg/m3 to greater than >0.14 mg/m3

. 

The exact air concentration could not be determined, however, because 
breakthrough occurred. The identity of these chloramines is also unknown 
because the sampling method did not include a silica gel tube which would 
have screened out hypochlorite, monochloramine and dichloramine. 
Thus, at this time, there does not appear to be a concern for exposure of 
pulp and paper mill workers to norogen trichloride. 

2 
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• The only compounds of potential ecotoxicity concern in the water system 
are chloramine and hypochlorous acid. Very low levels of these 
compounds may be discharged but these would rapidly dissipate in the 
lagoon well before they could enter an aquatic or terrestrial environment. 
Thus, no measurable risk to nontarget organisms is expected from the 
proposed use. 

• Several label revisions are recommended for clarification. 

BACKGROUND 

Nalco Co. has requested to register Nalco 60620 (EPA Reg. No 1706-EUN) 
containing 20% ammonium sulfate. This product is proposed to be used as a 
slimicide in paper and paperboard water systems. This ammonium sulfate 
product is to be mixed in situ (on site) with a sodium hypochlorite product to 
produce chloramine. 

This memorandum contains the human health and ecological risk assessments 
and serves to make recommendations to risk managers in Regulatory 
Management Branch 1 concerning the identity of the active ingredient in Nalco 
60620 and whether there is sufficient scientific information available to permit 
registration of this pending product containing the new active ingredient 
ammonium sulfate. The fallowing scientific memoranda formed the basis of the 
assessments and recommendations contained herein: 

• Earl Goad. 2/17/11. Nalco60620. EPA Reg. No.1706-EUN. 0385697. 
Product chemistry. 

• Najm Shamim. 3/31/11. Nalco Company's Proposed Registration of 
Nalco 60620 Slimicide Containing Ammonium Sulfate for Use in Pulp and 
Paper Water Systems: Chemistry, Chemical Processes and 
Transformation Products. 0391308. 

• Steve Malish. 4/19/11. Ammonium sulfate and monochloramine. 
0391291. Hazard assessment 

• Timothy Dole. 6/29/11. Occupational exposure assessment for the 
proposed use of ammonium sulfate as Nalco 60620 in pulp and paper mill 
water systems. 0391275. 

• A Najm Shamim. 4/27/11. Environmental Fate Assessment of 
Ammonium Sulfate and Chloramine. 0391290. 

• David Bays. 4/28/11. Ecological Risk Assessment for Nalco 60620 wh·1ch 
is an end~use product containing ammonium sulfate. The proposed 
registration of this product is for use in controlling microorganisms using 
an in-situ generating system for use in pulp and paper mills. 0391292. 

3 
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PROPOSED USE 

Nalco 60620 (20% ammonium sulfate) is proposed to be mixed in situ with a 
sodium hypochlorite product using the specially-designed OxiPRO delivery 
system operated only by authorized and trained personnel. The draft label for 
Nalco 60620 directs the use of a molar ratio of ammonium sulfate to sodium 
hypochlorite of 1:1 to 1.2:1. Sodium hypochlorite is the active ingredient in a 
number of end-use products registered for pulp and paper mill use. Treatment is 
proposed to be made using either the slug feed, intermittent feed, or continuous 
feed method to achieve and maintain a 1-10 ppm available chlorine leveL 

REACTIONS BETWEEN AMMONIUM SULFATE AND SODIUM 
HYPOCHLORITE 

In aqueous solution under most conditions, hypochlorite ion (OCr) exists in some 
equilibrium or ratio with both molecular chlorine (CI2) and hypochlorous acid 
(HOCJ). The ratio mainly depends on pH but temperature and the concentration 
of nitrogenous and organic materials are also important. Thus, although a 
sodium hypochlortte product is proposed to be mixed with Nalco 60620, it is the 
hypochlorous acid form that reacts with ammonia (in equllibrium with the 
ammonium sulfate from Nalco 60620) because hypochlorous acid is a much 
stronger oxidizing/antimicrobial agent than hypochlorite ion. Reactions involVing 
ammonia/ammonium sulfate and hypochlorous acid are also greatly dependent 
upon pH, temperature, ratio of ammonium sulfate to hypochlorous acid, organic 
matter content, etc. The Nalco Co. OxiPRO system must be operated at a pH of 
~12 and the molar ratios of ammonium sulfate to hypochlorous acid must be at or 
above 1:1, i.e., never an excess of available chlorine. These conditions result in 
the formation of chloramine which is metered into the paper or paperboard water 
system. In the water system, chloramine degrades to hypochlorous acid. 

HAZARD CHARACTERIZATION 

The active ingredient, ammonium sulfate, has been affirmed by FDA as 
Generally Recognized as Safe (GRAS) when used as a direct food additive (21 
CFR §184.1143). It is also exempt from the requirements of a tolerance when 
used as an inert ingredient in pesticide formulations applied to growing crops or 
to raw agricultural commodities after harvest (40 CFR §180.910). Ammonium 
and sulfate ions are normal body constituents. Ammonium ion is important in 
body pH balance and is excreted largely in the urine. It is a naturally-occurring 
crop constituent that is found in commonly consumed foods. 

Fertility and developmental toxicity studies testing ammonium sulfate have not 
been conducted. As ammonium sulfate dissociates in biological systems, studies 
testing other ammonium and sulfate salts can be translated to ammonium 

4 
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sulfate. A screening study conducted according to the OECD TG 422 protocol 
dosing with ammonium phosphate as an analog substance (forms ammonium ion 
in water) is available. Fully valid fertility studies with analog compounds 
containing sulfate ions are, however, lacking. Two limited studies with sodium 
sulfate can be used for assessment of fertility and developmental toxicity; 
however, the fetuses were not examined histologically in either of these studies. 
There are no in vivo genotoxicity data on ammonium sulfate. However, to bridge 
to ammonium sulfate, a study testing ammonium chloride was used. 

Based on its natural occurrence, being a human metabolite, history of safe use 
as a direct food additive, and due to the absence of adverse effects in test 
animals at high doses, there is virtually no hazard expected from human 
exposure to ammonium sulfate. Therefore, toxicity endpoints for ammonium 
sulfate were not selected and quantitative risk assessments are not warranted. 

Acute Toxicity 

Ammonium sulfate is of relatively low acute toxicity via the oral route (rat, LDso: 
2000-4250 mg/kg), the denmal route (rat/mouse, LDso >2000 mglkg), and 
inhalation route (rat, 8-hr LCso >1000 mglm3

); note that Toxicity Categories were 
not assigned. Clinical signs after oral exposure included staggering, prostration, 
apathy, and labored and irregular breathing immediately after treatment at doses 
near or exceeding the LD50 value. In humans, inhalation of an ammonium sulfate 
aerosol at 0.1-0.5 mglm' for 2-4 hr induced no pulmonary effects. At 1 mg/m3

, a 
very slight decrease in expiratory flow, in pulmonary flow resistance, and in 
dynamic lung compliance were observed in healthy volunteers after acute 
exposure. Neat ammonium sulfate was not irritating to the skin and eyes of 
rabbits. A study conducted using ammonium hydroxide indicates that ammonium 
sulfate is not likely to be a dermal sensitizer. 

Inhalation 

A 14-day inhalation study on rats exposed to 300 mg/m3
, the only tested dose, 

did not report histopathological changes in the lower respiratory tract. As the 
respiratory tract is the target organ system for inhalation exposure, the NOEL for 
toxicity to the lower respiratory tract is 300 mg/m3

. 

Mutagenicity 

Ammonium sulfate was not mutagenic to bacteria (Ames test) and yeasts with or 
without metabolic activation. It did not induce chromosomal aberrations in 
mammalian or human cell cultures. No in vivo genotoxicity tests are available. 
Based on the negative results from in vitro studies and the negative results in the 
in vivo micronucleus test using ammonium chloride, mutagenic activity of 
ammonium sulfate in vivo is unlikely. 

5 
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Similar to other salts, high doses of ammonium sulfate may have the capability of 
tumor promotion in the rat stomach; it is, however, much less potent than sodium 
chloride when tested under identical conditions. 

Fertility and Development 

There are no valid studies available on the effects of ammonium sulfate on 
fertility and development. Based on data from a similar ammonium compound 
(diammonium phosphate), which has been tested up to 1500 mg/kg in a 
screening study according to OECD TG 422 in rats, it can be concluded that 
ammonium ions up to the dose tested have no negative effects on fertility. In the 
13-week feeding study of ammonium sulfate using rats, no histological changes 
of testes were observed up to 1792 mg/kg. The ovaries were not examined. 
Fully valid studies testing effects of sulfate on fertility are not available; however, 
considering its overall low toxicity and natural occurrence in mammals, the 
sulfate ion is not expected to exhibit adverse effects on fertility. 

In a limited study (pretreatment time short, low number of animals, no fertility 
indices measured) in which female mice were treated with up to about 6550 mg 
sulfate/kg (as sodium sulfate), no effects on litter size were observed. 

Developmental toxicity studies testing ammonium sulfate are not available. In 
the screening study conducted according to OECD TG 422 with up to 1500 mg 
diammonium phosphate/kg, no effects on development have been detected in 
rats. In another limited screening study involving exposure of mice to a single 
dose of 2800 mg sodium sulfate/kg, no macroscopic or adverse effects on body 
weight gain were detected in the pups. Fetuses were not histopathologically 
examined in either study. Although available studies are limited, considering its 
overall low toxicity and natural occurrence in mammals, the sulfate ion is not 
expected to exhibit adverse effects on development. 

Subchronic Study in Rats 

A 13-week oral toxicity study of ammonium sulfate was performed in rats of both 
sexes by feeding them a CRF-1 powder diet containing concentrations of 0%, 
0.39%, 0.75%, 1.5% and 3.0% of the substance. Rats were randomly divided 
into 5 groups each consisting of 10 males and 10 females. Male animals in the 
3% group exhibited diarrhea during the administration period. No changes 
indicating obvious ammonium sulfate toxicity were observed in the body weights, 
organ weights, hematological, serum biochemical or histopathological 
examinations. Based on the results, the NOEL (no observed effect level) of 
ammonium sulfate for F344 rats was judged to be 1.5% of the diet of males (866 
mglkg/day) and 3% of females (1975 mg/kg/day), and the MTD (maximum 
tolerated dose) for 2-year carcinogenicity studies in F344 rats was concluded to 
be 3.0% or more in the diet. 

6 
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Chronic Toxicity and Carcinogenicity of Ammonium Sulfate Administered 
to Rats 

Chronic toxicity and carcinogenicity studies of ammonium sulfate, used as a food 
additive in fermentation, were performed in male and female Fisher 344 rats at 
dietary concentrations of 0%, 0.1 %, 0.6% and 3% in a 52 week toxicity study and 
0%, 1.5% and 3% in a 104 week (2 year) carcinogenicity study. Treatment with 
ammonium sulfate caused significant increase in kidney and/or liver weights in 
males and females of the 3.0% diet group, but no effects were found on survival 
rate, body weights, and hematological, serum biochemistry, or histological 
parameters at any dose levels in the chronic study. 

Regarding carcinogenicity, ammonium sulfate did not exert any significant 
influence on the incidences of tumors in any of the organs and tissues examined. 
It was concluded that the NOAEL of ammonium sulfate was 0.6% of the diet, 
which is equivalent to 256 and 284 mg/kg/day in males and females, 
respectively, and that the compound is not carcinogenic under the conditions of 
the study. 

Metabolism 

Absorbed ammonium ion is transported to the liver and ultimately incorporated in 
nitrogenous waste compounds such as uric acid and urea and excreted in the 
urine. Ammonium ion is also an endogenous substance that serves a major role 
in the maintenance of the acid-base balance. Minor amounts of ammonium 
nttrogen are incorporated in the physiological N-pool. Sulfate is a normal 
intermediate in the metabolism of endogenous sulfur compounds, and is 
excreted unchanged or in conjugated form in urine. 

DIETARY EXPOSURE (FOOD AND WATER) 

No residues of potential toxicological concern are expected to survive the paper 
or paperboard manufacturing processes. Any chloramine not consumed in the 
water system is expected to degrade under the high temperature conditions of 
the paper drying process (11 0 °C). Of course, any remaining ammonium sulfate 
will exist as the dissociated ions. The chemical species likely to remain to be 
incorporated into the dried/finished paper and paperboard are ammonium ion, 
sulfate ion, nitrate ion, and chloride ion for which there are no dietary toxicity 
concerns. It is only these benign compounds that could potentially migrate into 
food from food-contact paper or paperboard. Therefore, dietary (food) risks need 
not be calculated. 

Very low levels of chloramine and hypochlorous acid may be discharged but 
these would rapidly dissipate before there is the potential to contaminate drinking 

7 
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water. Therefore, no drinking water risks are expected from the proposed uses 
of ammonium sulfate. 

RESIDENTIAL EXPOSURE 

The only proposed use of Nalco 60620 is industrial during the manufacture of 
paper and paperboard. No residential exposure scenarios are associated with 
the proposed use. Therefore, there is no need to estimate residential risks. 

AGGREGATE RISKS 

As there are no dietary (food or drinking water) or residential exposures 
associated with the commercial, industrial use of Nalco 60620 as a slimicide in 
paper/paperboard water systems, there is no need to estimate aggregate risks 
based on the proposed uses. 

OCCUPATIONAL EXPOSURE 

As discussed in MRID 48340810 "Nalco 60620 - Discussion of Applicator 
Exposure Data Requirement", the OxiPro feed system is a closed system. The 
chemicals are supplied in refillable portable totes, semi-bulk containers, or from 
tanker trucks and are transferred through hoses to storage tanks. The 
chemicals are then transferred from the storage tanks into the OxiPro feed 
system and then the mixture is pumped into the mill process water system. 
Based on this information, it is anticipated that exposures to ammonium sulfate 
and sodium hypochorite would be minimal and would not trigger any risk 
concerns. Although not specifically stated on the label, it is anticipated that the 
reaction will be controlled by maintaining alkaline pH to enhance the production 
of monochloroamine, which is only slightly volatile from water while minimizing 
the production oftrichloramine (also called nitrogen trichloride), which is highly 
volatile. As discussed in Kovacic et al., 1970, the product of the reaction of 
ammonia with chlorine or hypochlorous acid is chloramine when the pH is >8. 

Nalco has submitted air sampling data where NCb air concentrations as total 
chloramines were measured in two paper mills. The details of this air sampling 
are discussed in the occupational exposure assessment (T. Dole, 4/27/11, 
0386115). These samples were collected and analyzed using a sampl'lng 
method based on Hery, 1995. This method includes a sampling cassette that 
contains a PTFE pre-Mer to trap aerosols followed by primary and backup quartz 
fiber filters impregnated with sodium carbonate and diarsenic trioxide to trap 
NCb. The samples were analyzed by Galson Laboratories using ion 
chromatography which detects total chloramines and has a limit of detection of 6 
~g per Mer. 

8 
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The results of the air sampling are included in Table 1. These samples indicate 
that for Mill #1, NCh air concentrations exceeded 0.11 or 0.14 mg/m3 for three 
samples (2AR, 2ARB and 2 ARC) while for the remaining samples, NC!, did not 
exceed the limit of detection. The actual air concentration for samples 2AR, 
2ARB and 2ARC is unknown because significant breakthrough was detected on 
the backup treated filter. Because information was not provided concerning the 
conditions under which the samples were taken, it is not known what caused 
breakthrough; however, it is possible that these samples were taken in areas of 
heavy misting. In Mill #2, the results ranged from non-detect to 0.13 mg/m3 and 
no breakthrough occurred though it was noted that heavy misting occurred at 
Location #1 and significant eye irritation was experienced at Location #2. 

Table 1 Nitroe:en Trichloride Air Sample Data Submitted l:ry_ N a leo 
Mill Date Location Sample Duration Result Treatment 

ID (Minutes) (mtrim3) 

Mill #I 10/14/08 Paper Mill Biocide by~ 2AR 135 >0.14* Naico 60620 
product Analysis (Locations 2ARB 153 >O.ll* (Ammonium 
not listed) 2ARC 152 >0.14* Sulfate) 

2CRFA 148 <0.04 
2CRFB 177 <0.03 
2CRFC 136 <0.04 

2SPOFA 134 <0.04 
2SPOFB 160 <0.04 

4RSA 127 <0.05 
4RSB !51 <0.04 

' 4TRSA 128 <0.05 
4TRSA ISO <0.04 

Mill #2 08126109 Location #1 Wet End Paper 082609-1 240 0.067 Ammonium 
Machine- Upper Platform Bromide 
Fourdrinier 
Location #2 ~Basement 082609-2 240 0.13 
Machine Room~ Platform 
Adjacent to Open Mix Chest 
Location #3 Walkway Wet 082609-3 240 <0.02 
Machine Room- Adjacent to 
Lab 

*Breakthrough occurred. 

The sampling method used by Galson Laboratories is based on the method 
developed by Hery, 1995 for use in evaluating NCh exposures in swimming 
pools. This method was subsequently modified in Hery, 1998 for use in food 
processing plants to include a sulfamic acid treated silica gel tube in front of the 
treated filters. This tube was added to capture other chlorine species such as 
hypochlorites, monochloramine and dichloramine which would make the method 
more specific for nitrogen trichloride (Le. trichloramine). Since this tube was not 
used in the samples submitted by Nalco, the results are not specific for nitrogen 
trichloride and could instead reflect the presence of other chlorine species such 
as monochloramine. 

9 
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CUMULATIVE RISK 

EPA does not have, at this time, available data to determine whether ammonium 
sulfate has a common mechanism of toxicity with other substances or how to 
include this pesticide in a cumulative risk assessment. This salt is naturally­
occurring and innocuous and, accordingly, no adverse effects on human health 
are expected based on the available toxicity studies. It has been affirmed as 
being Generally Recognized As Safe (GRAS) by FDA with no upper limit as a 
direct food additive. For the purposes of this Section 3 registration action, 
therefore, EPA has assumed that ammonium sulfate does not have a common 
mechanism of toxicity with other substances largely because it elicits no adverse 
effects in mammals. 

ENDOCRINE DISRUPTION 

As required under FFDCA section 408(p), EPA has developed the Endocrine 
Disrupter Screening Program (EDSP) to determine whether certain substances 
(including pesticide active and other ingredients) may have an effect in humans 
or wildlife similar to an effect produced by a "naturally occurring estrogen, or 
other such endocrine effects as the Administrator may designate." The EDSP 
employs a two-tiered approach to making the statutorily required determinations. 
Tier 1 consists of a battery of 11 screening assays to identify the potential of a 
chemical substance to interact with the estrogen, androgen, or thyroid (E, A, or 
T) hormonal systems. Chemicals that go through Tier 1 screening and are found 
to have the potential to interact with E, A, or T hormonal systems will proceed to 
the next stage of the EDSP where EPA will determine which, if any, of the Tier 2 
tests are necessary based on the available data. Tier 2 testing is designed to 
identify any adverse endocrine related effects caused by the substance, and 
establish a dose-response relationship between the dose and theE, A, or T 
effect. 

Between October 2009 and February 2010, EPA issued test orders/data call-ins 
for the first group of 67 chemicals, which contains 58 pesticide active ingredients 
and 9 inert ingredients. This list of chemicals was selected based on the 
potential for human exposure through pathways such as food and water, 
residential activity, and certain postapplication agricultural scenarios. This list 
should not be construed as a list of known or likely endocrine disrupters. 

Ammonium sulfate is not among the group of 58 pesticide active ingredients on 
the initial list to be screened under the EDSP. Under FFDCA sec. 408(p) the 
Agency must screen all pesticide chemicals. Accordingly, EPA anticipates 
issuing future EDSP test orders/data call-ins for all pesticide active ingredients. 

10 
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For further information on the status of the EDSP, the policies and procedures, 
the list of 67 chemicals, the test guidelines and the Tier 1 screening battery, 
please visit our website: http://www.epa.gov/endo/. 

ENVIRONMENTAL FATE 

Very low levels of chloramine and hypochlorous acid may be discharged from 
treated paper and paperboard water systems but these would rapidly dissipate 
while in the holding pond/lagoon well before there is the potential to contaminate 
aquatic environments. Both chloramine and hypochlorous acid are expected to 
be degraded within hours during cleanup of the wastewater because they are 
reactive and one of the cleanup stages is oxidative biological action. Typical mill 
wastewater cleanup prior to discharge into a natural water body consists of 
standing in a primary clarifier, sludge storage lagoon, and treatment in two 
sequential aerated lagoons. Sludge is typically dewatered and burned in the mill 
as a source of heat or power. Wastewater residence time during cleanup is 
typically at least 2 days. The NPDES permit for each paper/paperboard mill 
specifies a number of analyses that must be conducted which includes Biological 
Oxygen Demand (BOD) and available chlorine which would include chloramine 
and hypochlorous acid. Contamination of terrestrial environments is not 
expected from the proposed use. Therefore, no environmental fate data are 
required to estimate potential exposure of nontarget organisms. 

ECOLOGICAL EFFECTS AND RISK ASSESSMENT 

The only compounds of potential ecotoxicity concern in treated paper and 
paperboard water systems are traces of chloramine and hypochlorous acid. Very 
low levels of these compounds may be discharged but these would rapidly 
dissipate. Therefore, risks to nontarget organisms are not expected from the 
proposed uses. No additional ecological testing is needed. 

11 



56

EPA's Records Disposition Schedu/f' "'I::ST 361 Scientific Data Reviews HED Records c--·'1er- File R192912 ~Page 12 of 13 

SPECIFIC LABEL CHANGES NEEDED 

1. EPA recommends that Nalco Co. clarify which sodium hypochlorite 
products, percent active ingredient, etc. they intend to instruct users to mix 
with their ammonium sulfate product. The gallon figures only apply if a 
12.5% product is used. The word "typically," used in reference to 12.5%, 
should be deleted from the label. If Nalco Co. plans to restrict the % 
active ingredient to 12.5%, then the volume of paper mill water to which 
the labeled number of gallons of Nalco 60620 and sodium hypochlorite are 
to be added should be specified. If any sodium hypochlorite product may 
be used, then only the ppm available chlorine level should be specified. 

2. The Nalco 60620 label must be revised to clearly state that the pH of the 
OxiPRO closed system must be maintained at a pH 212. 

REFERENCES 

Kovacic eta!., 1970. Chemistry of N-Bromoamines and N-Chloroamines, 
Kovacic, P., Lowery, M., Field, K., Chemical Reviews, Volume 70, Number 6, pp 
639-665, 1970 

Hery eta!., 1995. Exposure to Chloramines in the Atmosphere of Indoor 
Swimming Pools, Annals of Occupational Hygiene, Volume 39, Number 4, pp 
427-439, 1995. 

Hery et al., 1998. Exposure to Chloramines in a Green Salad Processing Plant, 
Annals of Occupational Hygiene, Volume 42, Number 7, pp 437-451, 1998. 
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&EPA 
UnhdSDs 
Envirorura'Ul P~'Don 
Agotlcy 

April28, 2011 

MEMORANDUM 

SUBJECT: Ecological Risk Assessment for Nalco 60620 which is an end-use product 
containing ammonium sulfate. The proposed registration of this product is 
for use in controlling microorganisms using an in~situ generating system for 
use in pulp and paper mills. 

FROM: 

THRU: 

DP Barcodes: D39!292 ; . 
1 ( /./ 

David C. Bays, Microbiologist /~L/ 1 
. ( ..... 

Risk Assessment and Science Support Branch 
Antimicrobials Division (7501P) 

Nader Elkassabany, Chief 
Risk Assessment and Science Support Branch 
Antimicrobials Division (7501P) 

TO: Velma Noble RM-31 
Regulatory Management Branch 
Antimicrobials Division (7501P) 

!.INTRODUCTION 

The Risk Assessment and Science Support Branch (RASSB) has reviewed Nalco 
Company's request to obtain a section 3 registration for an antimicrobial product that will be 
used to control microorganisms in an in-situ generating system for use in pulp and paper mills. 
The product is Nalco 60620, which contains ammonium sulfate at 20%. The ammonium sulfate 
is considered to be the active ingredients of the product. The ammonium sulfate product is 
proposed to be mixed with sodium hypochlorite. The registrant has submitted four studies to 
fulfill the ecological data requirements for Nalco 60620. The chemical tested in these studies 
was ammonium sulfate. 

Based on the use pattern of this product, 60620 is not expected to result in acute or 
chronic risk to terrestrial birds, mammals, or plants or to aquatic species under typical use 
conditions due to a lack of exposure based on being used indoors in pulp and paper mill water 
systems. Although traces of oxidative residues in the waste Water may be discharged into the 
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2 
holding ponds or lagoons of the paper mill, these will rapidly react with organic matter and will 
not enter aquatic or terrestrial environments. As endangered species are not expected to be 
exposed, a quantitative or more refined endangered species effect determination is not necessary 
at this time. No additional ecological testing will be necessary. 

ECOTOXICITY 

Acute Ecotoxicity Studies for Nalco 60620 (ammonium sulfate) 

Th b 'tted th " ll e reg1strant su mt e o owmg tud' ours tes: 
STUDY TYPE AUTHORS RESULTS CLASSIFICATION 

Acute Toxicity to Tony Hasler 24- and 48-hour Acceptable 
Daphnia magna Springborn EC50 ~ >5000 and 
(850.1010) Smithers Labs 4044mg/L, Practically nontoxic 

respectively 
48-hour NOEC ~ 
1250 mg/L 

Acute Toxicity to bluegill Tony Hasler 96-hour LC50 Acceptable 
sunfish (850.1 075) Springborn 354 mg/L 

Smithers Labs 96-hour N OEC ~ Practically nontoxic 
62.5 

Acute Oral Toxicity Test Jennifer Stafford LD50- >2003 Acceptable 
' 

(LD50) with northern Springborn mglkg body weight 
bobwhite (850.2100) Smithers Labs NOEL~2003 Practically nontoxic 

mg/kg body weight 
Acute toxicity to ratnbow Tony Hasler 96-hour LC50 Acceptable 
trout (850.1 075) Springborn 722mg/L 

Smithers Labs 96-hour NOEC ~ Practically nontoxic 
250 mg/L 

All four studies were acceptable and could be used in a risk assessment, if one were necessary. 
The results demonstrated that the tested chemical, ammonium sulfate, was practically nontoxic to 
Daphnia magna, bluegill sunfish, rainbow trout, and northern bobwhite quail. 

II. ESTMATED ENVIRONMENTAL CONCENTRATIONS (EECs) 

A.EECs-TERRESTRJAL 

Terrestrial EECs were not calculated since it is anticipated that exposures and risks to 
terrestrial animals (birds and mammals) from use of the Nalco product would be minimal and 
any incidental exposure would be practically non-toxic on an acute basis. Terrestrial plants are 
also not expected to be at risk. 



60

EPA's Records Disposition Sched•·'· PEST 361 Scientific Data Reviews HED Recordr -~pter- File R192910 ·Page 3 of 7 

3 
B. EECs- AQUATIC 

Aquatic EECs were not calculated since it is anticipated that exposures and risks to 
aquatic organisms from use of the Nalco product would be minimal and any incidental exposure 
would be practically non-toxic on an acute basis. As per the chemistry memoranda by AN. 
Shamim (3/31111, D385694 and 0386118), if small amounts of chloramine or hypochlorous acid 
are discharged in the paper and paperboard system water, they will quickly react with organic 
matter in the lagoon and, therefore, will not enter aquatic or terrestrial environments. 

III. RISK QUOTIENTS (RQs) AND LEVELS OF CONCERN (LOCs) 

A. OVERVIEW 

Exposure and Risk to Nontarget Terrestrial Animals and Aquatic Organisms 

Risk characterization integrates the results of the exposure and ecotoxicity data to 
evaluate the likelihood of adverse ecological effects. The means of this integration is called the 
quotient method. Risk quotients (RQs) are calculated by dividing exposure estimates by acute 
and chronic ecotoxicity values. 

RQ ~ EXPOSUREffOXICITY 

RQs are then compared to OPP's levels of concern (LOCs). These LOCs are used by 
OPP to analyze potential risk to nontarget organisms and the need to consider regulatory action. 
The criteria indicate that a pesticide used as directed has the potential to cause adverse effects on 
nontarget organisms. LOCs currently address the following risk presumption categories: (I) 
acute-- potential for acute risk to non-target organisms which may warrant regulatory action in 
addition to restricted use classification, (2) acute restricted use-- the potential for acute risk to 
non-target organisms, but may be mitigated through restricted use classification, (3) acute 
endangered species- endangered species may be adversely affected by use, (4) chronic risk­
the potential for chronic risk may warrant regulatory action, endangered species may potentially 
be affected through chronic exposure, (5) non-endangered plant risk- potential for effects in 
non-endangered plants, and (6) endangered plant risk- potential for effects in endangered 
plants. Currently, AD does not perform assessments for chronic risk to plants, acute or chronic 
risks to nontarget insects, or chronic risk from granular/bait formulations to birds or mammals. 

The ecotoxicity test values (measurement endpoints) used in the acute and chronic risk 
quotients are derived from required studies. Examples of ecotoxicity values derived from short­
term laboratory studies that assess acute effects are: (I) LC50 (fish and birds), (2) LD50 (birds and 
mammals), (3) EC50 (aquatic plants and aquatic invertebrates) and (4) EC25 (terrestrial plants). 
Examples of toxicity test effect levels derived from the results of long-term laboratory studies 
that assess chronic effects are: (1) LOAEC (birds, fish, and aquatic invertebrates), and (2) 
NOAEC (birds, fish and aquatic invertebrates). For birds and mammals, the NOAEC generally 
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4 
is used as the ecotoxicity test value in assessing chronic effects, although other values may be 
used when justified. However, the NOAEC is used if the measurement endpoint is production of 
offspring or survival. 

Risk presumptions and the corresponding LOCs are tabulated below. 

T bl 3 Ri kP a e . s resumption c ategones 

Risk Presumption for Terrestrial Animals LOC 

Acute: Potential for acute risk for all non-target organisms >0.5 

Acute Restricted Use: Potential for acute risk for all non-target organisms, but may be >0.2 
mitigated through restricted use classification 

Acute Endangered Species: endangered species may be adversely affected by use >O.l 

Chronic Risk: potential for chronic risk may warrant regulatory action >I 

Risk Presumption for Aquatic Organisms we 
Acute: Potential for acute risk for all non-target organisms >0.5 

Acute Restricted Use: Potential for acute risk for all non-target organisms, but may be >0.1 
mitigated through restricted use classification 

Acute Endangered Species: endangered species may be adversely affected by use >0.05 

Chronic Risk: potential for chronic risk may warrant regulatory action >I 

Risk Presumption for Terrestrial and Aquatic Plants LOC 

Potential for risk for all non-endangered and endangered plants >I 

B. RQs- TERRESTRIAL 

Terrestrial RQs were not calculated since RASSB believes that exposures and 
risks for terrestrial animals (birds and mammals) and plants to the Nalco products during 
use in pulp and paper mtlls would be minimal. No toxic degradates are expected to 
contaminate terrestrial environments due to the unstable, reactive nature of chloramine 
and hypochlorous acid. 

C. RQs -AQUATIC 

Aquatic RQs were not calculated since RASSB believes that exposures and risks for 
aquatic organisms following use of the Nalco products in pulp and paper mills would be 
negligible because, if small amounts of chloramine or hypochlorous acid are discharged 
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in the system water, they v.rill quickly react and will not enter aquatic or terrestrial 
environments. 

IV. LISTED SPECIES AND CRITICAL HABITAT REVIEW 

5 

Section 7 of the Endangered Species Act, 16 U.S.C Section 1536(a)(2), requires all 
federal agencies to consult with the National Marine Fisheries Service (NMFS) for marine and 
anadromous listed species, or the United States Fish and Wildlife Services (FWS) for listed 
wildlife and freshwater organisms, if they are proposing an "action" that may affect listed species 
or their designated habitat Each federal agency is required under the Act to insure that any 
action they authorize, fund, or carry out is not likely to jeopardize the continued existence of a 
listed species or result in the destruction or adverse modification of designated critical habitat 
To jeopardize the continued existence of a listed species means "to engage in an action that 
reasonably would be expected, directly or indirectly, to reduce appreciably the likelihood of both 
the survival and recovery of a listed species in the wild by reducing the reproduction, numbers, 
or distribution of that species." 50 CFR §402.02. 

To facilitate compliance with the requirements of the Endangered Species Act subsection 
(a)(2) the Envirorunental Protection Agency, Office of Pesticide Programs has established 
procedures to evaluate whether a proposed registration action may directly or indirectly reduce 
appreciably the likelihood of both the survival and recovery of a listed species in the "Wild by 
reducing the reproduction, numbers, or distribution of any listed species (U.S. EPA 2004). After 
the Agency's screening~level risk assessment is performed, if any of the Agency's Listed Species 
LOC Criteria are exceeded for either direct or indirect effects, a determination is made to identify 
if any listed or candidate species may co~occur in the area of the proposed pesticide use. If 
determined that listed or candidate species may be present in the proposed use areas, further 
biological assessment is undertaken. The extent to which listed species may be at risk then 
determines the need for the development of a more comprehensive consultation package as 
required by the Endangered Species Act 

This preliminary assessment indicates that there is the potential for the proposed Nalco 
60620 use areas to co-occur with listed species. However, there is no need to conduct a more 
refined endangered species effect determination because exposure of listed species is not 
expected to occur due to the low use concentration of chloramine the rapid degradation of any 
discharged chloramine and the low toxicity of the resulting degradates. 

V. SUMMARY 

In summary, RASSB concludes that, based on the available information and data, which 
was minimal, the Nalco product is not expected to come into contact with non-target species. 
The Nalco chemicals are used in a closed reaction chamber in pulp and paper mills (indoors) and 
the resulting chloramine is metered into the mill water system. Any chloramine or hypochlorous 
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acid remaining in the wastewater would be present at low levels and, being short-lived and 
reactive, are not expected to survive beyond the lagoon to result in exposure of non-target 
organisms. Therefore, no additional testing is required for this chemical. 

6 

ln the case ofNalco 60620, ammonium sulfate is the labeled active ingredient that is mixed with 
sodium hypochlorite in a closed reaction vessel at pH :::12. The reaction of the two yields 
chloramine which is metered into the paper and paperboard water system. In the water system, 
chloramine degrades to hypochlorous acid. As noted above, environmental exposure to 
chloramine and hypochlorous acid is not expected and, hence, there is no ecological risk 
resulting from registration of ammonium sulfate when used in paper or paperboard water 
systems following reaction with sodium hypochlorite at about a 1:1 Cl:N molar ratio in a closed 
system at pH :::12. 

VI. ADDITIONAL DATA NEEDED TO REFINE THE ASSESSMENT 

No additional data are needed. 

VII. LABEL ISSUES: 

No additional label statements are necessary. 
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Springborn Smithers Laboratoreis. 45 p. 
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UNITED STATES ENVIRONMENTAL PROTECTION AGENCY 
WASHINGTON, DC 20460 

OFFICE OF CHEMICAL SAFETY AND POLLUTION PREVENTION 

3/31/11 

MEMORANDUM: 

SUBJECT: 

PC Code: 005601 

Nalco Company's Proposed Registration of Nalco 60620 
Slimicide Containing Ammonium Sulfate for Use in Pulp and 
Paper Water Systems: Chemistry, Chemical Processes, and 
Characterization of Transformation Products 

DP Barcode Nos.: D391308 
Decision Nos.: 443828 ReQistration No.: 1706-EUN 
Petition No.: NA ReQulatorv Action: Identify the Active lnQredient 
Risk Assess Tvoe: NA Case No.: NA 

CAS Nos.: 
TXRNo.: NA Ammonium sulfate: 7783-20-2 

Chloramine:10599-90-3 
MRID Nos.: 48340707, 48340708, 40 CFR: NA 
48340711 

FROM: 

THRU: 

TO: 

A. Najm Shamim, Ph.D., Chemist kUca"~ 
Risk Assessment and Science Support Branch 
Antimicrobials Division (751 OP) 

Nader Elkassabany, Ph.D., Chief 
Risk Assessment and Science Support Branch 
Antimicrobials Division (7510P) 

Dennis Edwards, Chief 
Regulatory Management Branch 1 
Antimicrobials Division (7510P) 

and 

Tracy Lantz, Chemical Review Manager 
Regulatory Management Branch 1 
Antimicrobials Division (7510P) 
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Background: 

Nalco Co. is requesting to register Nalco 60620 which contains 20% percent 
ammonium sulfate as a slimicide in paper and paperboard water systems. This 
active will be mixed in situ (on site) with sodium hypochlorite using only the 
specially-designed OxiPRO delivery system operated only by authorized and 
trained Nalco personnel. The draft label for Nalco 60620 (EPA Reg. No 1706-
EUN) specifies slug feed or continuous feed treatment methods to achieve a 1-
10 ppm residual chlorine level. Sodium hypochlorite is the active ingredient in a 
number of end-use products registered for pulp and paper mill use. The reaction 
of ammonium sulfate and sodium hypochlorite will produce chloramine. The 
registration application also includes physicochemical data for chloramine 
estimated using EPA's screening program EPI Suite (version 4.0). Product 
Chemistry data for ammonium sulfate is addressed by Earl Goad in a separate 
review (2/17/11. Nalco 60620. 1706-EUN. 0385697). 

The Agency is addressing this application from several perspectives: {a) whether 
ammonium sulfate or chloramine should be considered the active ingredient; (b) 
identification of the chemical species formed during the OxiPRO generation of 
chloramine and during the paper and paperboard production processes; and (c) 
which, if any, chloramine residues may survive the manufacturing process to be 
incorporated into the finished paper/paperboard. 

Some important facts about ammonium sulfate: 

(a) Ammonium sulfate is an inorganic salt, and among the most common salts of 
the ammonium ion which also include ammonium halides (chloride, bromide, and 
iodide), ammon·lum nitrate, ammonium phosphate, etc. These are all highly 
water-soluble, colorless substances. 
b) Ammonia (NH3) is the parent molecule which, in aqueous media, interacts 

with water to form ammonium ions (NH/) which, in turn, associate with various 
anions, as listed above, to form ammonium salts. 
c) Ammonia is a gas at room temperature but, for use as an antimicrobial, is 
always dissolved in water and used under aqueous conditions. 
d) All chemical reactions of ammonium salts are basically those of ammonium 
ions (NH/). 

The Agency has recently (2008) registered ammonia (aqueous solution) and 
conducted hazard (mammalian) and human exposure assessments as well as 
environmental fate and ecotoxicity assessments 1·

2
·
3

,4 on ammonia. As stated 
above, in aqueous solution at a given pH, both ammonia and ammonium sulfate 
will exist in the same form, i.e., either the ammonium ion at a more acidic pH or 
ammonia at a more alkaline pH. Therefore, the toxicity and exposure data of one 
may be bridged to the other. 

2 
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Detailed Discussion: 

Physical and chemical characteristics of ammonium sulfate: 

Common name: Ammonium sulfate 
CAS#: 7783-20-2 
Molecular formula: (NH,J,SO, 
Molecular wt: 132 
Log Kow: N/A 
Boiling point: N/A 
Melting point: 280' C jdecomposes)6 

Vapor pressure: -1 x10" 2 mmHg (at 25' C), estimated' 
Henry's Law Const.:5.5 10'9 atm-m3 /mole' 
Water solubility: 43-70 g/L (25' C)6 

Log K00: N/A 

Physical and chemical properties of chloramine (EPI Suite, version 4.0): 

Common Name: Chloramine 
Other Name: Chloramide 
CAS#: 10599-90-3 
Molecular formula: H2CIN 
Molecular weight: 51.48 
Melting point: -66°C 
Boiling point: -190' C 
Vapor pressure: 6.23 X 1 o·• mmHg at 25' c 
Water solubility: Highly soluble in water 
Henry's Law Const.:6.6 x 10·5 atm-m3/mole at 25' C 

Quantity/nature of residues that may be present in paper and paperboard: 

Nalco submitted to EPA a 10/22/071etter from Devon Hill of Keller and Heckman 
LLP to support registration of Nalco 60620 (MRID Nos. 48340708 and 
48340811). The letter provides Keller and Heckman's opinions to Nalco, at the 
latter's request, as to the regulatory status of Nalco 60620 and chloramine 
formed when Nalco 60620 is mixed vvith a sodium hypochlorite product (Nalcon 
60635). Nalcon 60635 is an EPA-registered product containing 11.6% sodium 
hypochlorite (Reg. No. 1706-238). Some data made available from Nalco Co. to 
their consultant have not been made available to EPA and it is not known if such 
data have been submitted to FDA. 

Keller and Heckman discussed data provided to them from Nalco Co. concerning 
the mixing of Nalco 60620 (19.8% ammonium sulfate) and Nalcon 60635 sodium 
hypochlorite. They noted that ammonium sulfate is classified as GRAS in section 

3 
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184.1143 of FDA's CFR 21 for direct addrrion to food and, hence, for use in food 
contact materials. Apparently, Nalco Co. provided data demonstrating that the 
average chloramine level in a paper water system using the slug feed method is 
4 ppm. The consultants, assuming a concentration of 5 ppm chloramine in the 
headbox, calculated that the maximum potential concentration of chloramines in 
food would be 39.5 ppb upon migration from the paper or paperboard. Upon 
drying the paper at an elevated temperature of 110 C, the actual concentration of 
chloramine migrating to food was expected to be much lower than the 39.5 ppb 
level calculated here. As a result, the consultants concluded that residues of 
chloramine would be nondetectable in food at a detection limtt of 50 ppb and, 
therefore, would not need to be the subject of a Food Contact Notification (FCN). 
[Francis Lin of FDA!CFSAN, in a 12/15/06/etterto McKenna, Long, and Aldridge, 
LLP, concluded the same in regard to an almost identical use now registered to 
another registrant.] 

What occurs after ammonium sulfate and sodium hypochlorite are mixed: 

Open literature work is available on the chlorination reactions of ammonium ion 
to form chloramine, dichloramine, and trichloramine? Such reactions are of 
particular interest to academic researchers and stakeholders concerned with 
their production or use as antimicrobials in drinking water, paper/paperboard 
water systems, swimming pools, etc. Possible reactions related to chlorination of 
ammonium ion include the following: 

1) NH, + HOC/ ~ NH,CI + H,O 
2) NH,CI + HOC/ ~ NHC/z + HzO 
3) NHC/2 + HOC/ ~ NC!, + HzO 
4) NC!, + H20 ~ NHC!, + HOC! 
5) NHCI, + HzO ~ NH,CI + HOC/ 
6) NH,CI + H,O ~ NH3 + HOC/ 

A recently published paper [C. Bogatu, eta/. 2010. Chem. Bull. "POLITEHNICA", 
Vol. 55(69):99-102] further explores these reactions and concludes: (1) the 
formation/decomposition of nitrogen trichloride depends on the chlorine:ammonia 
(C[z:NHJ) mass ratio, pH, and presence or absence of organic compounds; (2) 
regardless of ratio, pH, or level/presence of organic matter, the maximum 
concentration of nitrogen trichloride occurred after about 1 hr; (3} more nitrogen 
trichloride is formed at pH 6 (-1.9 ppm NC!,) than at pH 7 (-0.84 ppm NC/3); (4) if 
the ratio of CI,:NH, is 1 0:1, the degradation half-life of nitrogen trichloride is 110 
minutes at pH 6 and 108 minutes at pH 7; (5) if the CI,:NH, ratio is 12:1, then the 
half-life of nrrrogen chloride is 100 minutes at pH 6 and 85 minutes at pH 7. This 
study shows that the formation of nitrogen trichloride is a function of mole ratio 
between chlorine and ammonia and that the degradation half-life decreases as 
pH increases, i.e., nitrogen trichloride is more stable under more acidic 

4 
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conditions. The presence of organic matter (two ketones were tested) also 
decreases the half-life, i.e., speeds up degradation of nitrogen trichloride. 

Although all of the reactions above and others are possible under certain 
condrtions, only reaction 1 (the formation of monochloramine) is expected to 
occur to any significant extent in the OxiPRO system for two major reasons: the 
pH is maintained at ~12 and the molar ratio of ammonium:hypochlorous acid is 
~1:1, i.e., chlorine is never in excess. Therefore, virtually no dichloramine and no 
nitrogen trichloride are expected to form. Once released into the paper or 
paperboard water system, reaction 6 will occur, i.e., chloramine degrades to 
hypochlorous acid. The system controls thus assure that chloramine will be 
virtually the only product of the reaction of ammonium sulfate and sodium 
hypochlorite, i.e., reactions 2 and 5 will occur only very minimally and reactions 3 
and 4 will virtually never occur. 

AD conclusions and recommendations: 

1. Nalco Co. is pursuing the registration of ammonium sulfate which has no 
biocidal activity. However, when mixed with sodium hypochlorite and 
applied to paper and paperboard water systems, chloramine is formed. 
This is analogous to many antimicrobial pesticides which often have a 
nonspecific mode of biocidal action such as organic halogen-releasing 
compounds, formaldehyde-releasing compounds, peroxy compounds, 
metal ions, etc. It is fairly common for an antimicrobial as packaged, 
labeled, sold, shipped, and initially applied to have little or no biocidal 
activity per se. It is only upon mixing with another material or product, 
adding water, diluting, changing the pH, etc. that the true biocidal species 
is formed in situ. In these cases and others, it is the compound that is 
registered, packaged, sold, shipped, and initially applied that has been 
considered to be the "active ingrediene for registration and labeling 
purposes. Thus, in this case, EPA considers the active ingredient in Nalco 
60620 to be ammonium sulfate. 

2. It is quite another matter when the Agency is considering which chemical 
species are of ecotoxicity or human toxicity concern, i.e., which chemical 
species need to be included in the risk assessments. It is possible that 
there is virtually no exposure and/or toxicity associated with the "active 
ingredient" [the compound(s) in the registered product(s) as packaged, 
sold, shipped, and inrtially used] whereas tt may be the in situ products 
that are of toxicological concern and/or to which humans or the 
environment may be exposed. 

There are two major considerations: (i) whether there is exposure to 
residues of potential toxicity concern when the product is used as 
proposed and (ii) whether there is an adverse effect elicited by one or 

5 
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more residues to which there is likely to be exposure. The hazard 
(toxicity) associated with sodium hypochlorite, chloramine, and nitrogen 
trichloride have been addressed under separate cover. In the case of 
ammonium sulfate, there are no adverse effects likely to result from 
exposure if Nalco 60620 is used as proposed. As OxiPRO is a closed 
system, occupational handler exposure to ammonium sulfate and sodium 
hypochlorite is not expected. In the case of workers in a paper or 
paperboard manufacturing facility, dermal exposure to the treated solution 
or wet paper is not expected. Inhalation exposure to chloramine is also 
not expected as chloramine is not likely to volatilize from treated water 
because of its high water solubility, low vapor pressure, and low Henry's 
Law Constant. As the pH in the OxiPRO system is maintained at ~12 and 
the molar ratio of ammonium: hypochlorous acid is required to be ~1 :1, 
monochloramine is expected to be the only significant chlorinated product 
whereas virtually no dichloramine and no nitrogen trichloride are expected 
to form. Upon being metered into the paper/paperboard water system, 
chloramine degrades to hypochlorous acid. The system controls thus 
assure that chloramine will be virtually the only product of the reaction of 
ammonium sulfate and sodium hypochlorite and, as discussed above, only 
reactions 1 and 6 are expected to occur to any significant extent 

3. EPA believes the finished paper, dried at typical high temperatures of 
about 110°C, is likely to contain only ammonium, nitrate, and chloride ions 
and no residues of potential hazard concern are likely to survive to the 
finished paper stage to be available to migrate into food. 

4. EPA does not accept Nalco's term ~inorganically stabilized intermediate 
chlorine" to refer to chloramines. Ammonium sulfate is not the only 
organic compound referred to as a halogen stabilizer in an antimicrobial 
product; registrants even list "halogen stabilizer" as the purpose of the 
"inert" in a Confidential Statement of Formula. However, the formation of 
chloramine via the reaction of hypochlorous acid and ammonium sulfate is 
a complete and distinct chemical reaction forming a distinct new product. 
Thus, referring to the chloramines derived from the reaction between 
ammonium sulfate and hypochlorous acid as "inorganically stabilized 
chlorine" is not acceptable terminology to EPA. 

5. Nitrogen trichloride is not expected to form in the OxiPRO reactor or in the 
paper/paperboard water systems from the reaction of Nalco 60620 and 
sodium hypochlorite. Thus, no occupational exposure to a compound of 
toxicity concern is expected to occur. 

6. In the case of workers in a paper or paperboard manufacturing facility, 
dermal exposure to the treated solution or wet paper is not expected. 
Inhalation exposure to chloramine is also not expected as chloramine is 

6 
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not likely to volatilize from treated water because of its high water 
solubility, low vapor pressure, and low Henry's Law Constant. 

7. For a similar product, EPA determined that there were no chronic dietary 
risks of concern (<1% cPAD) to any population subgroup from 
chloramines in food due to migration from treated paper. 3 The use is 
virtually identical to the subject proposed Nalco use. 

8. The first time rt is mentioned, the label for Nalco 60620 states that it is to 
be used in conjunction with sodium hypochlorite ("typically" 12.5%) and 
the OxiPRO system; note that '1ypically" implies a choice. Five additional 
times on the proposed label, the 12.5% sodium hypochlorrte is mentioned 
but with no room for a choice. As there are many registered sodium 
hypochlorrte products at many different concentrations and registered to 
many different registrants, EPA recommends that Nalco Co. clarify which 
products they are directing that their ammonium sulfate product be mixed 
with. This is particularly true if Nalco Co. only wants its own 12.5% 
product (EPA Reg. No. 1706-20001) to be used. 

9. The Nalco 60620 label must be revised to clearly state the following: (i) 
that the ''authorized and trained personnel" permitted to design, treat, 
install, calibrate, and operate the OxiPRO system must specifically be 
Nalco Co. employees and (ii) that the pH of the OxiPRO system must be 
maintained at a pH ~12. 

Bibliography: 
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ammonia and other Disinfection AD Pesticides: July 2, 2008. 

2. A Memo From A. Najm Shamim to Melba Morrow on the Interactive 
Chemistry of Ammonia, Chlorine and Urea: Dec. 16, 2010. 

3. An AD Memo From Bob Quick to Norm Cook on Susan 1215 BCMWfor the 
Manufacturing of Paper and Paperboard Products: Jan. 9, 2005. 

4. Chemistry of Water Treatment by Samuel D. Faust and Osman M. Aly). 
5. EPI Suite (Version 4.1), estimated value. 
6. C. Bogatu et al; 2010 Chem Bull" POL/TEHNICA ",Volume 55(69),Section 2, 
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UNITED STATES ENVIRONMENTAL PROTECTION AGENCY 

DATE: April19, 2011 

MEMORANDUM 

WASHINGTON, D.C. 20460 

OFFICE OF 
PREVENTION, PESTICIDES 
ANDTOXICSUSSTANCES 

Hazard Assessment of Ammonium Sulfate (Part 1) and Monochloramine (Part 2) 

Subject: 

Chemical: 

Synonym: 

From: 

To: 

Tbru: 

Part 1. Hazard Assessment of Ammonium Sulfate 

Ammonium Sulfate (NH4)zS04 
EPA Reg. No.: 1706-EUN 
DP Barcode: D391291 
Decision: 443828 
PC: 005601 
CAS: 7783-20-2 

NALCO 60620 

S. L. Malish, Ph.D, Toxicologist j , ~ .Vvl - )',- L 
Risk Assessment and Science Support Branch

1 cAAS'SB)-........ ..._ 
Antimicrobials Division [751 OP] 

Dennis Edwards, Chief, Regulatory Management Branch I, 
Antimicrobials Division [7510PJ 

Nader E1kassabany, Ph.D., Chief, RASSB 02 
Antimicrobials Division [?SlOP] )()-;;tV(t£--;,V 

ACTION REQUESTED: 

Review of human health toxicity of ammonium sulfate 

BACKGROUND 

Monochloramine is formed by mixing a dilute solution of ammonium sulfate with a solution of 
sodium hypochlorite. Monochloramine is used as an antimicrobial in food contact paper and 
paperboard water systems. 

1 
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In aqueous media, ammonium sulfate dissociates to the ammonium (NH/)2 and sulfate (S04"') 

ions. These ions can be taken up by the body via the oral and respiratory routes. 

CONCLUSION: Listed below is a review ofthe existing toxicology database. Because ofthe 
low toxicity of ammonium sulfate, toxicology endpoints cannot be calculated from the data. 

Human Health 

Fertility and developmental toxicity studies testing with ammonium sulfate were not available. 
As ammonium sulfate dissociates in biological systems studies with other ammonium and sulfate 
salts can be used to cover these endpoints: A screening study conducted according to the OECD 
TG 422 protocol with ammonium phosphate as analogue substance, which forms ammonium 
ions in aqueous solutions, is available. Fully valid fertility studies with analogue compmmds 
containing sulfate ions are, however, lacking. Two limited studies with sodium sulfate can be 
used for assessment of fertility and developmental toxicity, however, in none of these studies 
have the fetuses been examined histologically. There are no in vivo data on genotoxicity for 
ammonium sulfate. To bridge the data gap, data for ammonium chloride, which dissociates in 
aqueous media to form ammonium ions, as does ammonium sulfate, will be used. In aqueous 
media, ammonium sulfate dissociates into the ammonium and sulfate ions (2NH/ and S04). 
These can be taken up into the body by the oral and respiratory routes. 

Acute Toxicity 

Ammonium sulfate is of relatively low acute toxicity (LD50, oral, rat: 2000-4250 mg/kg bw; LD50 
dermal, rat/mouse> 2000 mg/kg bw; 8-h LC50, inhalation, rat> 1000 mg!m3). Clinical signs after oral 
exposure included staggering, prostration, apathy, and labored and irregular breathing immediately after 
treatment at doses near to or exceeding the LD50 value. In humans, inhalation exposure to 0.1 - 0.5 mg 
ammonium sulfate/m' aerosol for two to four hours produced no pulmonary effects. At I mg ammonium 
sulfate/m3 very slight pulmonary effects in the form of a decrease in expiratory flow, in pulmonary flow 
resistance and dynamic lung compliance were found in healthy volunteers after acute exposure. 

Neat ammonium sulfate was not irritating to the skin and eyes of rabbits. Based on a dennal sensitization 
study bridged from ammonium hydroxide (20% solution), ammonium sulfate is not expected to be a 
dennal sensitizer (EC IUCLID, 2000). 

Inhalation 

A 14-day inhalation study on rats exposed to 300 mg/m3
, the only tested dose, did not report 

histopathological changes in the lower respiratory tract. As the respiratory tract is the target organ system 
for inhalation exposure, the NOEL for toxicity to the lower respiratory tract is 300 mg/m3

• 

Mutagenicity 

Ammonium sulfate was not mutagenic in bacteria (Ames test) and yeasts with and without metabolic 
activation systems. It did not induce chromosomal aberrations in mammalian or human cell cultures. No 
in vivo genotoxicity tests are available. Based on the negative results from in vitro studies and the 
negative results in the micronucleus test in vivo with ammonium chloride a mutagenic activity of 
ammonium sulfate in vivo is unlikely. 

2 
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Similarly to other salts, high doses of ammonium sulfate may have the capability of tumor promotion in 
the rat stomach; it is, however, much less potent than sodium chloride when tested under identical 
conditions. 

Fertility and Development 

There are no valid studies available on the effects of ammonium sulfate on fertility and development. 
Based on data from a similar ammonium compound ( diammonium phosphate), which has been tested up 
to I500 mg/kg bw in a screening study according to OECD TG 422 in rats it can be concluded that 
ammonium ions up to the dose tested have no negative effects on fertility. In the 13-week feeding study 
of ammonium sulfate with rats, no histological changes of testes were observed up to 1792 mg/kg bw. 
The ovaries were not examined. Fully valid studies with sulfate on fertility are not available. 

In a limited study (pretreatment time short, low number of animals, no fertility indices measured) where 
female mice were treated with up to ca. 6550 mg sulfate/kg bw (as sodium sulfate) no effects on litter size 
were found. 

Studies of developmental toxicity for ammonium sulfate are not available. In the screening study 
according to OECD TG 422 with up to 1500 mg diammonium phosphate/kg bw no effects on 
development have been detected in rats. In another limited screening study with exposure of mice to a 
single dose of2800 mg sodium sulfate/kg bw no macroscopic effects or adverse effects on body weight 
gain have been detected in the pups. In both studies fetuses were not examined histopathologically. 

Subcbronic Study in Rats 

A 13 week oral toxicity study of ammonium sulfate was performed in rats of both sexes by feeding them 
a CRF-1 powder diet containing concentrations of 0%, 0.39%, 0.75%, I.5% and 3.0% of the substance. 
Rats were randomly divided into 5 groups each consisting of 10 males and 10 females. Male animals in 
the 3% group exhibited diarrhea during the administration period, No changes indicating obvious 
ammonium sulfate toxicity were observed in the body weights, organ weights, hematological, serum 
biochemical or histopathological examinations. 

Based on the results, the NOEL (no observed effect level) of ammonium sulfate for F344 rats was judged 
to be 1.5% in males (866 mglkglday) and 3% in females (1975 mg!kglday), and the MTD (maximally 
tolerated dose) for 2-year carcinogenicity studies in F344 rats was concluded to be 3.0% or more in the 
diet. 

Chronic Toxicity and Carcinogenicity of Dietary Administered Ammonium Sulfate in Rats 

Chronic toxicity and carcinogenicity studies of ammonium sulfate, used as a food additive in 
fennentation, were performed in male and female Fisher 344 rats at dietary concentrations ofO%, 0.1 %, 
0.6% and 3% in a 52 week toxicity study and 0%, 1.5% and 3% in a 104 week (2 year) carcinogenicity 
study. Treatment with ammonium sulfate caused significant increase in kidney and/or liver weights in 
male and females of the 3.0% diet group, but no effects were found on survival rate, body weights and 
hematological, serum biochemistry or histological parameters at any dose levels in the chronic study. 

Regarding carcinogenicity, ammonium sulfate did not exert any significant influence on the incidences of 
tumors in any of the organs and tissues examined. It was concluded that the no observed adverse effect 
(NOAEL) of ammonium sulfate was 0.6% of the diet, which is equivalent to 256 and 284 
mg!kglb.w./day in males and females, respectively, and the compound is non-carcinogenic under the 
conditions of the study. 

3 
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Metabolism 

Absorbed ammonium is transported to the liver and there metabolised to urea and excreted via the 
kidneys. Ammonium is also an endogenous substance that serves a major role in the maintenance of the 
acid-base balance. Minor amounts of ammonium nitrogen are incorporated in the physiological N-pool. 
Sulfate is a normal intermediate in the metabolism of endogenous sulfur compounds, and is excreted 
unchanged or in conjugated form in urine. 

References 

European Commission (EC)- European Chemicals Bureau. 2000. International Uniform 
Chemical Information Database (IUCLID) for ammonia, anhydrous (CAS No. 7664-41-7). 
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1999;(117): 108-14. 13 Week subchronic Oral Toxicity Study of Ammonium Sulfate in Rats. 117: 108-
14. 

Y. Ota, M. Hasumura, M. Okamura, et. a!. ChronicToxicity and Carcinogenicity of Dietary Administered 
Ammonium Sulfate in F344 Rats. Food and Chemical Toxicology 44 (2006) pp. 17-27. 

Part 2. MONOCHLORAMINE TOXICITY 

ACTION REQUESTD: Review toxicity profile of monochloramine. Calculate toxicology risk 
assessment values. Only dietary assessment is indicated. 

BACKGROUND: Monochloramine is formed by mixing a dilute solution of ammonia sulfate with a 
solution of sodium hypochlorite. Monochloramine is used as an antimicrobial in food contact pulp and 
paper products. 

CONCLUSION: A review of the existing toxicology database. is presened below. Oral toxicological risk 
assessment values are noted on Table 1. 

Developmentai/Reproductive: The developmental and reproductive toxicity of 
monochloramtne has been examined in rats, but with suboptimal studies. However, due to the 
chemical relationship between monochloramine and chlorine, the Agency believes that the 
reproductive and developmental studies for chlorine may be used to satisfy these data gaps for 
monochloramine. The available studies do not indicate concerns for increased sensitivity of the 
fetus or offspring. Thus, the Agency believes it is appropriate to reduce the FQPA factor to IX 
for monochloramine. Below are summaries of reproductive and developmental studies. 

In a reproductive study by Carlton et al. (1986), chloramine was administered by gavage in 
deionized water at doses ofO, 2.5, 5.0 and 10 mglkg/day to male (12/dose group) and female 
(24/dose group) Long-Evans rats for a total of 66-76 days. Males were treated for 56 days and 
females for 14 days prior to mating. Dosing continued during the 1 0-day mating period and 
afterward females were dosed with chloramine daily during gestation and lactation. Males were 
necropsied at the end of the mating period. Dams and some offspring were necropsied at 21 days 
after birth. Other offspring were dosed with chloramine after weaning until they were 28-40 days 
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old. No statistical differences were observed between control and exposed rats in fertility, 
viability, litter size, day of eye opening or average day of vaginal patency. There were no 
alterations in sperm count, direct progressive sperm movement, percent mobility or sperm 
morphology in adult males. Weights of male and female reproductive organs were not 
significantly different among control and test groups, and there were no significant morbid 
anatomic changes evident on tissue examination. There were no signs of toxicity, changes in 
blood counts, or effects on body weight in adult rats of either sex at any dose level. The mean 
weight of the pups was not affected by chloramine treatment. A NOAEL of 10 mg/kg/day for 
reproductive effects can be defined from this study. 

Abdel-Rahgman et al. (1982) administered monochloramine in the drinking water to female 
Sprague-Dawley rats (6/dose group) at 0, 1, 10 and 100 mg!L for 2.5 months prior to and 
throughout gestation. By using body weights provided by the investigators and a reference water 
consumption value (U.S. EPA, 1987), the intake ofmonochloramine was estimated to be 0, 0.15, 
1.5 and 15 mg monochloramine/kg/day. Treatment with monochloramine did not increase the 
number of fetal resorptions or affect fetal weight. In addition, monochloramine did not induce 
soft~tissue anomalies or skeletal malformations. A developmental NOAEL of 15 mg 
monochloramine/kg/day is provided by the study, although confidence is low due to the small 
number of animals exposed. 

Mutagenicity/Carcinogenicity: Monochloramine is not classifiable as to human carcinogenicity 
(Group D) based on inadequate human data and equivocal evidence of carcinogenicity from 
animal bioassays. A two~ year bioassay showed marginal increase in mononuclear cell leukemia 
in female F344/N rats. No evidence of carcinogenic activity was reported in male rats or male or 
female B6C3FI mice. Genotoxicity studies, both in vitro and in vivo, gave negative resulted 
(USEPA 2005b). 

Chronic: The long-term effects of chloraminated water were examined in rats and mice (NTP 
1992).ln both species, there were no statistically significant findings attributable to chemical 
exposure at the highest dose tested of200 ppm chloramine, or 9.5 mg chloramine/kg/day for rats 
and 17.2 mg chloramine/kg/day for mice. The NOAEL of9.5 mg chloramine/kg/day in rats is 
chosen as the basis for the chronic oral RID by USEPA (2005b). Although a higher NOAEL in 
the study of 17.2 mg/kg/day is found in mice, rats may be the more sensitive species since doses 
between 9.5 and I 7.2 mglkg/day were not tested in rats. 

Dietary Exposure to Monochloramine (Table I) 

Acute Reference Dose (RfD) 

An acute RID was not identified because there were no effects attributable to a single dose. 

Chronic Reference Dose (RID) 

Study Selected: Rat Chronic Oral Study (National Toxicology Program 1992) 

Executive Summary: The long-term effects of chloraminated water were examined in F344/N 
rats and B6C3Fl mice (NTP, 1992). Groups of rats (70/sexJdose) and mice (70/sex/dose) were 
administered chloraminated drinking water at 0 (controls), 50, 100 or 200 ppm for 103-104 
weeks. Based on body weight and water consumption data provided in the study, the intake of 

s 
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chloramine was 0, 2.6, 4. 8 and 8. 7 mglkg-day for male rats; 0, 3.4, 5.3 and 9.5 mglkg-day for 
female rats. Consumption of chloramine in mice was 0, 5.0, 8.9 and 15.9 mglkg-day for males; and 0, 
4.9, 9.0 and 17.2 mg/kg-day for females. Interim sacrifices (I 0/sex/dose) were conducted at weeks 14 
and 66. At these times. a complete hematologic examination and necropsy were performed in all 
sacrificed animals. In addition, histopathologic examination was conducted in all control and high­
dose animals. At the completion of the study, a complete histopathologic evaluation was 
perfonned in all animals. A dose-related decrease in water consumption was evident in rats through 
the study; food consumption was not affected by treatment. Mean body weights of high-dose male 
and female rats were lower than their respective controls. However, mean body weights were 
within IO% of controls until week 97 for females and week 101 for males. Decreases (p<0.05) in 
liver and kidney weight in the lllgh-dose males and increases (p<0.05) in the brain- and kidney­
to-body weight ratios in the high-dose rats (both sexes) were related to lower body weights in 
these groups and were not considered toxicologically significant. Results from pathologic 
evaluation at weeks 14 and 66 were unremarkable. The authors found no clinical changes 
attributable to consumption of chloraminated water. There were no non-neoplastic lesions after 
the 2-year treatment with chloraminated water. A NOAEL for rats of200 ppm chloramine, or 9.5 
mg chloramine/kg/day, can be defined in this study. 

In treated mice, water consumption throughout the study also decreased in a dose-related 
manner. Food consumption was slightly lower in high-dose females compared with controls. 
Body weights of treated male and female mice were lower than in controls; the effect was dose 
related. On the average, body weights of high-dose males were 10-22% lower than controls after 
week 37; those of high-dose females were 10-35% lower than controls after week 8. Mice 
exhibited no adverse clinical signs attributed to treatment with chloramine. Survival rates 
between treated and control mice were not significantly different. Interim evaluations revealed 
no biologically significant differences in organ weights or in relative organ weights. There were 
occasional statistically significant differences, such as decreases in liver weights and increases in 
brain-and kidney-to-body weight ratios in high-dose male and female mice, but these were 
attributed to the lower body weights and were not considered toxicologically significant. Results 
from hematology tests and gross or microscopic examination of tissues and organs were 
unremarkable. The 2-year evaluation revealed no non-neoplastic lesions attributable to 
chloramine treatment. The concentration of200 ppm chloramine, or 17.2 mg chloramine/kg/day 
is considered a NOAEL for mice in this study. 

Dose and Endpoint for Risk Assessment: The NOAEL of9.5 mglkg/day (200 ppm) was selected 
based on no observable adverse effects in the rat chronic oral study (NTP 1992). This NOAEL is 
the basis of the Agency's oral reference dose (RID) presented on the Integrated Risk Information 
System (IRIS) and represents Agency consensus. Although a higher NOAEL in the study of 
17.2 mg/kg-day is found for mice, rats may be the more sensitive species since doses between 
9.5 and 17.2 mglkg-day were not tested in rats. Significant decreased weight gain in subchronic 
rat studies, such as Daniel et at. (1990), at 200 ppm was considered a consequence of decreased 
water consumption associated with taste aversion. 

Uncertainty factors : 100 (!Ox interspecies extrapolation. !Ox intraspecies variation, lx FQPA 
safety factor). The FQPA safety factor is reduced to IX for monochloramine because data from 
existing reproductive and developmental studies across class (monochloramine and chlorine) 
provide sufficient confidence that the reproductive and developmental issues have been 
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addressed. Although the studies with chlorine are marginal in quality, they do give an indication 
that adverse effects from monochloramine are not likely to occur. 

Comments about Study/Endpoint Uncertainty Factor: This study represents the best available 
data to assess chronic toxicity. 

Chronic RiD ~ 9.5 mg/kglday (NOAEL) ~ 0.1 mg!kgfday 
100 (UF) 

Monochloramine Carcinogenic Potential 

Monochloramine is not classifiable as to human carcinogenicity (Group D) based on inadequate 
human data and equivocal evidence of carcinogenicity from animal bioassays. A two-year 
bioassay showed a marginal increase in mononuclear cell leukemia in female B6C3Fl mice. 
Genotoxicity studies, both in vitro and in vivo, gave negative results (USEPA 2005b). 

FQPA Considerations 

Special Sensitivity to Infants and Children 

As noted in the US EPA (2005b) IRIS record, the developmental and reproductive toxicity of 
monochloramine has been examined in rats, but with suboptimal studies. However, due to the 
chemical relationship between monochloramine and chlorine (U.S. EPA. 1992), reproductive and 
developmental studies for chlorine (Druckrey, 1968; McKinney et al., 1976; Chernoff, et. al., 
1979; Staples et al., Meier et al., 1985) may be used to satisfy these data gaps for 
monochloramine. The available studies do not indicate concerns for increased sensitivity of the 
fetus or offspring. Thus, the Agency believes it is appropriate to reduce the FQPA factor to IX 
for monochloramine. 

Table 1. Summary of Toxicolo2ical Dose and Endpoints for Monochloramine• 
Exposure Dose used in Risk FQPASFand Study and 
Scenario Assessment Endpoint for Risk Toxicological Effects 

UF Assessment 
Acute Dietaa No effects attributable to a single dose 
(all populations, 
including infants and 
children 
Chronic Dietary NOAEL 9.5 Chronic rat study 
All I!OQulations mglkg/day FQPA SF~ IX (NTP 1992) 

UF ~ 100 (I OX inter- cP AD ~ chr RID I LOAEL ~None. No 
and intra-species) FQPA SF observed effects at the 
Chronic RfD = 0.1 highest dose tested. 
mglkg/day ~ 0.1 mglkg/day 

-UF- uncertamty factor, NOAEL no observed adverse effect level, LOAEL lowest 
observed adverse effect level 

7 
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Conclusions 

A review of the existing toxicological database is presented. Oral toxicological risk assessment 
values are noted in Table 1 above. 
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UNITED STATES ENVIRONMENTAL PROTECTION AGENCY 
WASHINGTON, DC 20460 

OFFICE OF PREVENTION, PESTICIDES, ANO TOXIC SUBSTANCES 

04/27/2011 

MEMORANDUM 

SUBJECT: Environmental Fate Assessment of Ammonium Sulfate and 
Chloramine 

PC Codes: 005601 DP Barcode Nos.: D391290 
Decision Nos.: 443828, Registration Nos.: 1706-EUN 
Petition No(s).: NA Regulatory Action: Environmental fate review 
Risk Assess Tvoe: NA Case No.: NA 

CAS Nos.: 
TXR No.: NA Ammonium sulfate: 7783-20-2 

Chloroamine:1 0599-90-3 
MRID Nos.: 48340707, 40 CFR: NA 
48340708,48340811 

FROM: 

THRU: 

TO: 

A Najm Shamim, PhD, Chemist ~LCiM<-./ 
Risk Assessment & Science Support Branch 
Antimicrobials Division (751 OP) 

Nader Elkassabany, PhD, Chief 
Risk Assessment and Science Support Branc 
Antimicrobials Division (751 OP) 

Dennis Edwards, Chief 
Regulatory Management Branch 1 
Antimicrobials Division (751 OP) 

and 

Tracy Lantz, CRM for Nalco Products 
Regulatory Management Branch 1 
Antimicrobials Division (7510P) 
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1) Background: 

Nalco has requested to register 60620 (ammonium sulfate, 20%) for use as a 
slimicide to treat water used in paper and paperboard water systems. The active 
ingredient will be mixed with a registered product containing sodium hypochlorite 
(often12.5%) and 3.5% NaOH in the OxiPRO reactor. Various chemistry and 
exposure aspects have been discussed in companion documents (Memos from 
A. Najm Shamim to Tracy Lantz, 2011). 1 Ammonium sulfate, in its reaction with 
alkaline sodium hypochlorite, forms chloramine (monochloramine) which, in tum, 
is metered into the paper and paperboard water systems. Ammonium sulfate 
may, theoretically, undergo more than the intended single chlorination reaction to 
yield dichloramine and even trlchloramine under some conditions. Chloramines 
have been used as secondary water disinfectants by water utility companies all 
over the U.S. for many years. 

This document evaluates the environmental fate and transport of ammonium 
sulfate and chloramine. The Agency has concluded that ammonium sulfate and 
ammonia are the same in aqueous solution, i.e., an equilibrium mixture of 
ammonia and ammonium ions; the relative amount of each is mainly dependent 
on pH. 

2) Environmental Fate and Transport Assessment: 

a) Ammonium Sulfate 

Physical/chemical properties of ammonium sulfate: 
Common name: Ammonium sulfate 
CAS#: 7783-20-2 
Molecularformula: (NH4) 2S04 

Molecularwt 132 
LogK,w: N/A 
Boiling point: N/A 
Melting point: 280' C ~decomposes)(Merck index, 12'h Edrtion) 
Vapor pressure: - 1 x10- 2 mmHg (at 25'C) estimated (EPI Suite) 
Henry law constant: 5.5 10-9 atm•m3tmole 
Water solubility: 43-70 gil (25'C) 
Log K,,: N/A 

*Ammonium sulfate is an inorganic chemical and a highly water-soluble salt. It 
has no measurable vapor pressure. Because it is an ionic chemical, an 
octanol/water partition coefficient cannot be determined. It is not likely to be 
bioaccumulated in aquatic organisms although, in some literature reports, 
ammonia uptake by fish has been noted. Environmental fate guideline (Series 
835) studies like hydrolysis and aqueous photodegradation are not applicable to 
such chemicals. 
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*Ammonium ion is present in various environmental media like water and soils. It 
does not remain in any one environmental medium but is recycled into various 
environmental media over the course of time. In air, it exists as ammonia gas at 
between 1 and 5 ppb; the half-life in air is a few days (estimated). 
*The central atom in ammonia is nitrogen which is one of the most active 
elements. Nitrogen exists in a variety of oxidation states from +5 to -3. In water, 
ammonia (nitrogen in -3 state) and the nitrate ion (nitrogen in +5 state) may both 
exist depending on pH and oxygen level. 
*In clay particles of soil, ammonium ion is adsorbed on the negative adsorption 
sites. Under anaerobic conditions, it is adsorbed much more weakly than under 
aerobic conditions. 
*Ammonium ion is central to the nitrogen cycle in biological systems serving as a 
nitrogen source in the synthesis of amino acid, the building blocks of proteins, 
etc. 
*As a cation, ammonium ion does not exist by itself; ammonium sulfate is 
adsorbed onto soils and sediments. Under aerobic aqueous conditions, 
ammonium ion is readily biodegraded by bacteria through the process called 
nitrification. Ammonium ion, under basic conditions can be converted into 
ammonia gas which escapes into the atmosphere. 
*Sulfate ions are likely to mineralize in soils and sediments. 

Ammonium ions or ammonium sulfate are not likely to be of any risk concerns in 
environmental media including air, soil, and water because of its inherent 
instability. No environmental fate data are necessary. 

b) Chloramine: 

As noted above, for use in paper and paperboard manufacturing processes, 
ammonium sulfate is reacted with sodium hypochlorite forming chloramine. 

Physical/chemical properties of chloramine: 
Common Name: Chloramine 
Other Name: Chloramide 
CAS#: 1 0599-90-3 
Mol For: H2CIN 
MP: 190'C 
Mol.wt: 51.48 
Vapor pressure: 6.23 X 1 0'8 mmHg at 25°C 
K,,; 14.3 
log K~; -1.19 
Water solubility: Highly soluble in water 
Henry's law Constant: 6.6 x 10·5 atm•m3/mole at 25'C (EPI Suite) 

Taking into account the physicochemical properties, and environmental fate 
parameters, the EPI Suite (version 4.0) screening level environmental fate 
assessment can be summarized as follows: 

3 
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*Chloramine is highly soluble in water and its vapor pressure and Henry's Law 
Constant are both low. Therefore, it is not expected to vo!ati!'ize from water 
surfaces quickly. 
*A very !ow value of Log Kow indicates that chloramine is not likely to 
biaoccumulate in aquatic organisms. 
*Its low Koc indicates that it is mobile in soils and sediments. Its half-life in 
aqueous media varies from a fraction of a day to about 40 days (Health Canada, 
1998) depending upon temperature, pH, and salinity. 
*Chloramine has been in use as a secondary disinfectant in the U.S. and 
internationally for over 50 years. Compared to hypochlorite ion/hypochlorous 
acid, it degrades slowly and, hence, it's disinfecting ability in aqueous media is 
longer lasting although weaker. Chloramine can easily be eliminated from 
drinking water by simply boiling for twenty minutes. 
•All EPI Suite BioWIN models estimate that chloramine is quickly biodegraded 
and it can be classified as readily biodegradable. 

No additional environmental fate studies are required as the Agency has 
determined that chloramine does not pose risks of concern in various 
environmental media including air, water, and soil. 

Chloramine in Drinking Water: 

Since it is used as a secondary disinfectant for waste water treatment, it is likely 
to be found as a contaminant in drinking water. EPA has set a maximum 
Drinking Water Limit for a number of contaminants in surface water (and in 
drinking water} regardless of the source. The maximum contaminant limit goal 
(MCLG) for chloramines is 4.0 ppm and the maximum residual disinfectant level 
goal (MRDLG) is also 4.0 ppm. Thus most of the water utilities are required to 
keep the !eve! of chloramines at or below this level for residential drinking water. 

3) References: 

1) A. Najm Shamim. 3/31/11. Nalco60620. Reg. No.1706-EUN. 
Ammonium sulfate. 0386118. Chemistry and Exposure. 

2) Merck Index, 12'h Edition 
3) U.S. EPA Estimation of Properties Program EPI Suite (version 4.0) 

Sign-off Date 
DP Barcode No. : 

04/27/11 
0391290 
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April26, 2011 

UNITED STATES ENVIRONMENTAL PROTECTION AGENCY 
WASHINGTON, D.C. 20460 

OFFICE OF 
PREVENTION, PESTICIDES AND 

TOXIC SUBSTANCES 

MEMORANDUM 

Subject: 

To: 

From: 

Copy to: 

Applicant: 

Acute Toxicity Review for Ammonium Sulfate (1706EUN) 
DP Barcode: 385696 

Tracy Lantz 
Team 31 
Regulatory Management Branch I 
Antimicrobials Division (7510P) 

Melba S. Morrow, D.V.M. ~·\<.' lfjJ..<t/il 
Special Assistant 
Regulatory Management Branch I 
Antimicrobials Division (751 OP) 

Karen Hicks, Team Leader 
Chemistry and Toxicology Team 
Product Science Branch 
Antimicrobials Division (7 51 OP) 

NALCO 

BACKGROUND: 

The registrant seeks registration for a 20% ammonium sulfate product (60620). No data 
have been provided and the registrant is relying on published literature to satisfY the acute 
toxicity data requirements. 

RECOMMEND A T!ONS: 

The acute data requirements for ammonium sulfate have been satisfied through cite alL A 
table summarizing the acute toxicity for this product is attached. 
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Ammonium Sulfate Acute Toxicity 

Background: 

The registrant, Nalco has provided information on the acute toxicity of their ammonium 
sulfate product, Nalco 60620, which contains 20% ammonium sulfate. The registrant has 
relied on information on the acute toxicity of ammonia taken from the open literature and 
from study results reported by OECD (2006-0ECD SIDS Initial Assessment of 
Ammonium Sulfate). Information on the dermal sensitizing potential was extracted from 
a European literature citation (2000 IUCLID data set, CAS# 7664-41-7, Ammonia). 

The following is a summary of the acute toxicity for ammonium sulfate based on 
information provided byNalco. 

Acute Toxicity: 
The following acute toxicity values were provided for ammonium sulfate. A summary of 
the acute toxicity was provided under MRJD 483408-05, with the exception of the dermal 
sensitization study. 

Acute Toxicity Table for Ammonium Sulfate 

Study LDSO/LCSO Tox Category/Comments 
Acute Oral >2,000 mg/kg in rats Ill 
Acute Dermal >2,000 mg/kg in rats/mice Ill 

Acute Inhalation >1000 mg/m3 in rats IV 
Dermal lrr'rtation Non-irritant IV 

Ocular Irritation Non-irritant IV 

Dermal sensitization* Non-sensitizer N/A .. 
*Dermal sensrtrzatron study for ammonra conducted rn gurnea prgs usrng aqueous ammonra (20% 
solution}. Study Source: BASF AG 

Conclusions: 
The information provided by the registrant is sufficient to assess the acute toxicity of 
ammonium sulfate. 
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UNITED STATES ENVIRONMENTAL PROTECTION AGENCY 
WASHINGTON, D.C. 20460 

Antimicrobials Division (AD) 

March 31,2011 

DP BARCODE: 387710 

MRID: NA 

SUBJECT: Nalco 60620 
(Name of Product) 

File Symbol.: 1706-EUN 

DOCUMENT TYPE: Product Chemistry Review 

Manufacturing-use [] OR End-use Product [x] 

INGREDIENTS: 

PC Code(s) CAS Number Active lngredient(s): 
005601 7783-20-2 Ammonium sulfate 

TEST LAB(s): NA 

SUBMITTER: Nalco Company 

GUIDELINE: Product Chemistry Review (Reply to Registrant Response) 

ORGANIZATION: AD\PSB\CTT 

REVIEWER: Earl Goad 

APPROVER: Karen P. Hicks 

APPROVED DATE: March 31,2011 

COMMENT: 
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UNITED STATES ENVIRONMENTAL PROTECTION AGENCY 
WASHINGTON, D.C. 20460 

Antimicrobials Division (AD) 

March 31, 2011 

MEMORANDUM 

SUBJECT: Product Chemistry Review for EPA File Symbol·. 1706-EUN 
Product Name: Nalco 60620 

CODE: 

DP Barcode: 387710 

(A380) New AI, Food Use, With Exemption, 
No Fee: Linked to PRIA Application 

DATE DUE: April16, 2011 

FROM: Earl Goad, Biologist 

THRU: 

Chemistry and Toxicology Team 
Product Science Branch 
Antimicrobials Division (7510P) 

Karen Hicks, Team Leader 
Chemistry and Toxicology Team 
Product Science Branch 
Antimicrobials Division (7510P} 

~~fb/\\ 
TO: 

Applicant: 

Velma Noble PM#31/Tracy Lantz 
Regulatory Management Branch I 
Antimicrobials Division (7510P) 

Nalco Company 

PRODUCT FORMULATION FROM LABEL: 

Active lngredient(s): 
Ammonium sulfate 
Other lngredient{s): 
Total: 

!706-EUN _ 038771 0_ Nalco 60620 
Page 2 of5 

% bywt. 
20.0 
80.0 

100.0 
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BACKGROUND: 

On behalf of Nalco Company, Steptoe & Johnson, LLP has submitted an application for 
registration of a new end-use product, Nalco 60620. The product is produced by an 
integrated formulation system (i.e., the product contains an active ingredient that is not 
an EPA-registered product). This product is to be used in conjunction with a solution of 
sodium hypochlorite to produce a stabilized chlorine solution within their OxiPro® 
delivery system. The resulting active ingredient created is for use in controlling bacteria, 
algae, and fungi in pulp and paper mill water systems. 

The data package included the following documents: 

1. Letter from the applicant's representative to EPA. Subject: "Response to 
Product Chemistry Review'', for Nalco 606t5, EPA File Symboi1706-EUN, dated 
March 10, 201 t. 

2. Letter from the Agency to Buckman Laboratories, Inc and a stamped product 
label for Busan 1215, EPA Reg#: 1448-433. 

3. Revised draft product label for the subject product, dated March 10, 20 t t 
The label revision ·rs highlighted. 

4. Signed Certification Statements, to address OPPTS 830.1750 (Certified Limits) 
for subject products, dated March 9, 2011. 

FINDINGS: The following is a listing of issues identified in the product chemistry review 
for this product dated February 17, 20 t1. Issues and Responses have been taken from 
the Letter as indicated in BACKGROUND #1 (above). The bold text is our reply to the 
registrant's responses. Recommendation(s) provide suggestions to resolve the 
identified issues. 

1. Product Label 

Issue: Insert "Physical or Chemical Hazards" section to the product label and place a 
statement regarding incompatibility of the product w·lth other chemicals, including 
hypochlorites. 

Registrant Response: Adding the requested language is inappropriate for this product as 
it is designed to be mixed with sodium hypochlorite to produce a stabilized chlorine 
within the system, chloramine. The product label identifies this information in the 
Directions for Use. In addition, in a label approved by the Agency on June t4, 20 tO, for 
a substantially similar product. Susan 1215 (EPA Reg. No. t448-433), was not required 
to include a "Physical and Chemical Hazards" section on the label. Additional 
information on Susan 1215 was included with the registration package for Nalco 60620 
and may also be obtained from Dennis Edwards. 

Agency Reply: The chemical hazards labeling is inherent to the product in 
commerce in the form it is produced, packaged, sold, transported and stored 
before use. We have expressed concern regarding the possibility of formation of 
more toxic chloramines. There is much less concern of this when the product 
would be mixed with hypochlorite under precisely controlled circumstances. 

J706-EUN_D387710_Nalco 60620 
Page 3 of5 
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Most sodium hypochlorite products are labeled "do not mix with ammonia 
compounds". This also includes two registered Nalco Product(EPA Reg#: 1706~ 
20001 Nalco 7341 containing 12.5% sodium hypochlorite and 1706~238 Nalcon 
60735 containing 11.6% sodium hypochlorite). Following the lines of reasoning as 
in the response above, the hypochlorite used for this process should not have 
comparable language relative to mixing with ammonia or ammonia compounds 
due to its intended usage. 

The registrant cites the product label for (Susan 1215) as an example of how this 
new product should be labeled. Though the active ingredients are similar, this 
new product contains about three times concentration of ammonium. As with the 
precautionary language for hypochlorite solutions, ammonium solutions typically 
caution regarding mixing with hypochlorite as well as other alkali solutions. 

Recommendation: We suggest the following or similar wording placed on the 
product /abel under Physical and Chemical Hazards 

Physical and Chemical Hazards: 
Direct mixing of this product with sodium hypochlorite solutions and other strong 
oxidizing and alkali chemicals will release hazardous gases. Only mix with other 
chemicals or materials solutions following Directions for Use for this product. 

Issue: Under "Pesticide Storage" on the product label, add instructions specifying what 
to do if the product leaks or spills from the container. 

Registrant Response: The information has been added to the product label. Please see 
attached label with a revision date of 03/10/2011. 

Agency Reply: The additions made to the Pesticide Storage section of the revised 
product label dated March 10, 2011 are acceptable. 

2. Product Chemistry Group A 

Issue: OPPTS 830.1750 (Certified Limits): A signed certification statement must be 
provided. 

Registrant Response: An amended study containing the certification statement will be 
filed with the Agency. A copy of the page containing the certification statement is 
attached to this letter. 

Agency Reply: The certification statements requested to address OPPTS 830.1750 
have been received for EPA File Symboi1706-EUN "Nalco 60620" MRID# 484241-
01 has been received and found to be acceptable. 

!706-EUN~D38771 O~Na!co 60620 
Page 4 of5 
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3. Product Chemistry Group 8 

Issue: OPPTS 830.6314 (Oxidation/Reduction): Chemical incompatibilities must be 
identified on the label. 

Registrant Response: Adding the requested language is inappropriate for this product as 
it is designed to be mixed with sodium hypochlorite to produce a stabilized chlorine 
within the system, chloramine. The product label identifies this information in the 
Directions for Use. See response to Item 2 for additional information. 

Agency Reply: Though the product is not necessarily considered to be a strong 
oxidizing or reducing agent, it does react in proportion to its concentration and 
the concentration of other reactants. Mixing with hypochlorite and alkaline 
solutions outside of the OxiPro® represents uncontrolled conditions which are 
more likely to produce undesirable toxic by-products. See the recommendation 
under labeling section. 

CONCLUSIONS: 

We thank the registrant for complying with the requests made in our previous review of 
this product. However we still feel this is an issue regarding Physical and Chemical 
Hazard Labeling. Labeling must reflect the chemical incompatibilities of the registered 
product (product in commerce) independent of its ultimate use. Such Hazard Labeling 
can be worded so as to mitigate such hazards when used in specific accordance to the 
labeled directions. The hazards are still present until such directions are followed. 

1706-EUN _ D3 87710 _Na\co 60620 
Page 5 of5 
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UNITED STATES ENVIRONMENTAL PROTECTION AGENCY 
WASHINGTON, D.C. 20460 

.&EPA \;~g;'c:';:~'''"'""~ Office of Pesticide Programs 
Antimicrobials Division (AD) 

February 17,2011 

DP BARCODE: 385697 

MRID : 483408-01 thru 483408-04 

SUBJECT: Nalco 60620 
(Name of Product) 

File Symbol.: 1706-EUN 

DOCUMENT TYPE: Product Chemistry Review 

Manufacturing-use [] OR End-use Product [x] 

INGREDIENTS: 

PC Code(s) CAS Number Active lngredient(s): 
005601 7783-20-2 Ammonium sulfate 

TEST LAB(s): Case Consulting Laboratories, Inc. 
SBC Laboratories, Inc. 

SUBMITIER: Nalco Company 

GUIDELINE: Product Chemistry Group A and B 

ORGANIZATION: ADIPSB\CTT 

REVIEWER: Earl Goad 

APPROVER: Karen P. Hicks 

APPROVED DATE: February 17, 2011 

COMMENT: 
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UNITED STATES ENVIRONMENTAL PROTECTION AGENCY 
WASHINGTON, D.C. 20460 

oEPA ~~t~.::;:·,,r.ot~t'" Office of Pesticide Programs 
Antimicrobials Division (AD) 

February 17, 2011 

MEMORANDUM 

SUBJECT: Product Chem'tstry Review for EPA File Symbol: 1706-EUN 
Product Name: Nalco 60620 

CODE: 

DP Barcode: 385697 

(A380) New AI, Food Use, With Exemption, 
No Fee: Linked to PRIA Application 

DATE DUE: April16, 2011 

FROM: Earl Goad, Biologist 
Chemistry and Toxicology Team 
Product Science Branch 
Antimicrobials Division (7510P) 

THRU: Karen Hicks, Team Leader 
Chemistry and Toxicology Team 
Product Science Branch 
Antimicrobials Division (7510P) 

TO: Velma Noble PM#31/Tracy Lantz 
Regulatory Management Branch I 
Antimicrobials Division (7510P) 

Applicant: Nalco Company 

PRODUCT FORMULATION FROM LABEL: 

Active lngredient{s): 
Ammonium sulfate 
Other lngredient(s): 
Tolal: 

!706-EUN_D385697 _Nalco 60620 
Page 2 of9 

% bywt. 
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BACKGROUND: 

On behalf of Nalco Company, Steptoe & Johnson, LLP has submitted an application for 
registration of a new end~use product, Nalco 60620. The product is produced by an 
integrated formulation system (i.e., the product contains an active ingredient that is not 
an EPA-registered product). This product is to be used in conjunction with a solution of 
sodium hypochlorite to produce a stabilized chlorine solution within their OxiPro® 
delivery system. The resulting active ingredient created is for use in controlling bacteria, 
algae, and fungi in pulp and paper mill water systems. 

The data package included the following documents dated December 23, 2010: 
1. Letter from the applicant's representative to EPA. 
2. EPA Form 8570-1 (Application for Pesticide). 
3. Confidential Statement of Formula (CSF) for the basic formulation, dated 

December 23, 2010. 
4. EPA Form 8570-35 (Data Matrix). 
5. Draft label 
6. Five study documents (MRID 483408-01 through 483408-04). 
7. Revised draft label dated February 11, 2011 

Note: The data package also included a document prepared by McKenna Long & 
Aldridge LLP, regarding the registration of certain ammonia products. CTT bel'leves this 
was provided as regulatory background material which is not considered as subject to 
product chemistry review. 

FINDINGS: A detailed review breakdown may be found in Product Chemistry Review/, II 
and in Table A and B starting on page 4. Items listed here provide additional comments 
and items which must be addressed. 

1. Confidential Statement of Formula: The basic CSF dated September 23, 2010 is 
acceptable. 

2. Product Label: Labeling recommendations. 

a. Under the new "Physical or Chemical Hazards" section of the product 
label, place a statement regarding the incompatibility of the product with 
other chemicals (e.g., strong oxidizers, acids, bases, nitrates, and 
hypochlorites). 

b. Add the heading "Physical or Chemical Hazards" immediately beneath 
the "Environmental Hazards" section of the product label. 

c. Under the "Pesticide Storage" section of the product label, add 
instructions that specify what to do if the product leaks or spills from the 
product container. 

1706-EUN _D385697 _ Nalco 60620 
Page 3 of9 
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3. Product Chemistry Group A and B 

a. Product Chemistry Group A OPPTS 830.1750 (Certified Limits} a signed 
certification statement must be provided, as requested under OPPTS 
830.1750(g}. 

b. Product Chemistry Group B 

CONCLUSION: 

i. OPPTS 830.6314 (Oxidation/Reduction: Chemical Incompatibility} 
study is waived based upon known chemical incompatibilities of 
urea with other chemicals. Chemical incompatibilities must be 
listed on the product label. See Product Label FINDINGS #2 a. 
(above} 

ii. OPPTS 830.6317 (Storage Stability} and OPPTS 830.6320 
(Corrosion Characteristics} study. The agent for the registrant 
reports that this study is in process and will be reported to the 
Agency upon completion. 

The basic CSF dated December 23, 2011 is found to be acceptable as submitted. 
Several labeling revisions are recommended. Additionally, issues have been identified 
in both product chemistry group A and group B. 

1706-EUN_D385697_Nalco 60620 
Page 4 of9 



PRODUCT CHEMISTRY REVIEW 

I. CONFIDENTIAL STATEMENT OF FORMULA 

a. Type of formulation and source registration: 

• Non-integrated formulation system 

• Are all TGAls used registered? 

• Integrated formulation system 

Yes [ ] 

Yes] ] 

Yes [X] 

No [X] 

No [X] 

No]X] 

• If "ME-TOO,~ specify EPA Reg. No. of existing product: ____ _ 

b. Clearance of inerts for non-food or food use: 
The product is cleared for food use under 40 CFR §§ t80.940 and 

180.950. 
Yes[] No[] 

Note: The product consists of Not 
intended for food use. 

c. Physical state of product: Liquid 

d. The chemical 105 and analytical information (including that for the TGAls), 
density, pH, and flammability are consistent with that given in 830 Series, Group 
B. 

Yes [X] 

e. The Nes and CLs are acceptable. Yes [X] 

f. Active ingredient NC LCL 
(%) (%) 

Ammonium sulfate 20.00 19.0 

g. For products produced by an integrated formulation system: 

• Do all impurities of toxicological significance have a UCL? 
Yes [ ] No] ] Not applicable [X] 

• Have all impurities of ~ 0.1 % in the product been identified? 
Yes [ ] No [ ] Not applicable [X] 

1706-EUN_D385697 _Nalco 60620 
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II PRODUCT LABEL 

a. The active ingredient statement (chemica/IDs and NC) is consistent with the 
CONFIDENTIAL STATEMENT OF FORMULA. Yes ]X]No [ ] 

b. The formula contains one of the following: 

• 10% or more of a petroleum distillate: 
• 1.0% or more of methyl alcohol: 
• sodium nitrite at any level: 
• a toxic List 1 inert at any level: 
• arsenic in any form: 

Yes [ ] 
Yes [ ] 
Yes [ ] 
Yes [ ] 
Yes [ I 

No [X] 
No]X] 
No ]X] 
No [X] 
No [X] 

c. If "yes" to any of the above, does the inert ingredients statement contain a 
footnote indicating this? Yes [ ] No [ ] Not applicable [X] 

d. Appropriate warning statements regarding flammability or explosive 
characteristics of the product are listed on the label. 

Yes [ ] No [ ] Not applicable [X] 

e. The storage and disposal instructions for the pesticide container are in 
compliance with PR Notice 84-1 for household use products or PR Notice 83-3 
for all other uses. 

Yes [X] No [ I 

f. The product requires an expiration date at which time the NC falls below the 
LCL (based on the 1 ~year storage stability data or other information). 

Yes [X] No [ I 

Note: Storage stability studies are ongoing and have not been 
completed. 

1706~EUN _ D385697 _ Nalco 60620 
Page 6 of9 
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Table A: 
Product Chemistry (Series 830, Group A) 

Data Requirements Acceptance of Information MRID No. 
830.1550 Product Identity' A 483408-01 

and CSF 
830.1600 Description of A 483408-0t 
Materials 

830.1620 Production Process NA 

830.1650 Formulation A 483408-01 
Process3 and CSF 

830.1670 Formation of A 483408-01 
lmpurities4 

830. t700 Preliminary Analysis" A- Results from the analysis of five 483408-02 
batches of the pure active ingredient 
were provided. Testing was conducted 
in compliance with GLP. 

830. t750 Certified Limits' A Standard certified limits were 483408-0t 
proposed. and CSF 

G -A signed certification statement must 
be provided, as requested under OPPTS 
830. t750(gl 

830.1800 Enforcement A- A copy of a titration method was 483408-0t 
Analytical Method7 provided for detennining active ingredient 

content in the product. 
830.1900 Submittal of Samples [Samples are to be provided on a case-

by-case basis for end-use products.] 
-Explanation. A-acceptable, N-not acceptable (1.e., 1tem was submitted but IS not 

acceptable); NA:::technically not applicable (i.e., not required); G=data gap (i.e., item was 
not submitted but is required); U=requires upgrading (i.e., item is unacceptable but 
upgradeable); W:::waived; E:::EPA estimate. 

1See Confidential Appendix A for additional information. 
2For MP/EP products produced by an integrated formulation system. 
3For products from a TGAI or MP. 
4 May be waived unless actuaVpossible impurities are of toxicological concern. 
5Five batch analysis required for products produced by an integrated formulation 
system. 
51f different from standard CLs recommended in 40 CFR 158. t75, this should be 
discussed in Confidential Appendix A 
7Abbreviate method used as follows: gas chromatography (GC), infrared (IR), 
ultraviolet absorption (UV), nuclear magnetic resonance (NMR), etc. 

1706-EUN _ D385697 _ Nalco 60620 
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Table 8: 
Physical and Chemical Characteristics (Series 830, Group B) 

Physical/Chemical 
Properties* 

830.6302 Color 

830.6303 Physical State 

830.6304 Odor 

830.6313 Stab'11ity to Normal 
and Elevated Temperatures, 
Metals, and Metal Ions 

830.6314 Oxidation/ 
Reduction; Chemical 
Incompatibility 

830.6315 Flammability/ 
Flame Extension 

830.6316 Explodability 

830.6317 Storage Stability 

830.6319 Miscibility 

830.6320 Corrosion 
Characteristics 

830.6321 Dielectric 
Breakdown Voltage 

Acceptance Value or Qualitative 
of Data Description 

A The color of the product is clear, 
based on visual inspection. 

A The product is a liquid, based 
on visual inspection. 

A The product is odorless, based 
on observation. 

NA Not applicable. The product is 
not intended to be in contact 
with metal or metal ions in 
storage or to be stored at 
elevated temperatures. 

A A wavier is requested based on 
the well-known reactivity of 
ammonium sulfate. 

Note: The MSDS for 
ammonium sulfate indicates 
incompatibility with strong 
oxidizers, bases, chlorates, and 
nitrates. 

NA Not applicable. The product 
does not contain combustible 
liquids. 

NA Not applicable. The product is 
not potentially explosive. 

G A storage stability study is 
currently underway. Results will 
be provided to EPA once the 
study is complete. 

NA Not applicable. The product is 
not an emulsifiable liquid or 
diluted with petroleum solvents. 

G A corrosion characteristics study 
is currently underway. Results 
will be provided to EPA once the 
study is complete. 

NA Not applicable. The product is 
not intended for use around 
electrical equipment. 

1706-EUN _ D3S5697 _ Nalco 60620 
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PhysicaiiChemical Acceptance Value or Qualitative MRID No. 
Properties* of Data Description 

830.7000 pH' A The mean pH of the product 483408·04 
was reported to be 5.52 at 
25.1 cc. A 1% w/w solution of 
the product in C02-free reagent 
water was tested. Three 
determinations were made. 
Testing was conducted in 
compliance with GLP. 

830.7050 UVNisible Absorption NA [Not required for end~use products.] 
830.7100 Viscosity A The mean viscosity of the 483408-04 

product was reported to be 1.25 
cP at 20.0"C (at 30 rpm) and 
0.70 cP at 40.0'C (at 30 rpm) 
(as determined using a 
Brookfield rotational 
viscometer). Two 
determinations were made at 
each temperature. 
Measurements were also made 
at 60 rpm. Testing was 
conducted in compliance with 
GLP. 

830.7200 Melting Point/Melting NA [Not required for end~use products.] 
Ranqe 
830.7220 Boiling Point/Boiling NA [Not required for end~use products.] 
Ranqe 
830.7300 Density/Relative A The mean density of the product 483408-04 
Density/Bulk Density was reported to be 1.0563 g/mL 

at 20.0°C. Three determinations 
were made. Testing was 
conducted in compliance with 
GLP. 

830.7370 Dissociation NA [Not required for end~use products.] 
Constants in Water 
830.7 550/830. 7 560/83 0. 7 570 NA [Not required for end~use products.] 
Partition Coefficient 
830.7840/830.7860 Water NA [Not required for end~use products.] 
Solubility 
830.7950 Vapor Pressure NA [Not required for end~use products.] 

-Explanation. A-acceptable, N-not acceptable (I.e., 1tem was submitted but 1s not 
acceptable); NA::::technically not applicable (i.e., not required); G::::data gap (i.e., item was 
not submitted but is required); U::::requires upgrading (i.e., item is unacceptable but 
upgradeable); W::::waived; E::::EPA estimate. 

* Provide brief description, e.g., color yellow or property value, e.g., density 1.25 glee. 
Unless otherwise indicated, the property should be at 25cc. 

11f product is an emulsifiable liquid 
21f product is dispersible with water 

1706~EUN_D385697_Nalco 60620 
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RE: Any change with the pending Nalco registrations? 
Mann, Juliana to: Tracy Lantz 

Thanks, Tracy. 

Juli 

-----Original Message-----

06/22/2011 02:42PM 

From: Lantz.Tracy®epamail.epa.gov [mailto:Lantz.Tracy@epamail.epa.govJ 
Sent: Wednesday, June 22, 2011 2:37 PM 
To: Mann, Juliana 
Subject: Re: Any change with the pending Nalco registrations? 

No change 
{Embedded 

From: 
To: 
Date: 
Subject: 

from what Dennis last reported. 
image moved to file: pic32308.jpg) 

"Mann, Juliana" <JMann@steptoe.com> 
Dennis Edwards/DC/USEPA/US@EPA, Tracy Lantz/DC/USEPA/US@EPA 
06/22/2011 12:26 PM 

Any change with the pending Nalco registrations? 

Hi Dennis and Tracy, 

Any change in status to 1706-EUR, -EGO, -EUN? Nalco's asking for an update. 

Dennis, I hope you had a restful vacation. 

Thanks, 

Juli 

Juli Mann I Regulatory Analyst I Steptoe & Johnson LLP 11330 Connecticut 
Avenue, NW I Washington, DC 20036-1795 I Phone: 202~429-3095 I Fax: 
202-429~3902 I jmann@steptoe.com 

This email may contain information that is privileged, confidential, or 
otherwise protected from disclosure. If you have received this email in error, 
do not copy, distribute, save or otherwise use. Please notify the sender 
immediately at jmann@steptoe.com. 
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Re: Any change with the pending Nalco registrations? [J 
Tracy Lantz to: Mann, Juliana 

No change from what Dennis fast reported. 

/. 
::J~a~ 

Tracy Lantz 
Regulatory Team 31. 
Antimicrobials Division 
U.S. Environmental Protection Agency 
Phone: (703)30~1.5 
FAX: (703) 308-8481. 

"Mann, Juliana" Hi Dennis and Tracy, Any change in status1o 17 ... 

From: 
To: 
Date: 
Subject: 

''Mann, Juliana" <JMann@steptoe.com> 
Dennis Edwards/DC/USEPA/US@EPA, Tracy lantz!DC/USEPA/US@EPA 
06/22/2011 12:26 PM 
Any change with the pending Nalco registrations? 

Hi Dennis and Tracy, 

06/22/2011 02:36 PM 

06/22/2011 12:26:09 PM 

Any change in status to 1706-EUR, -EGO, REUN? Nalco's asking for an update. 

Dennis, I hope you had a restful vacation. 

Thanks, 

Juli 

Juli Mann I Regulatory Analyst I Steptoe & Johnson LLP 11330 Connecticut Avenue, NW I Washington, DC 
20036-1795! Phone: 202-429-3095! Fax: 202-429-3902 I jmann@steptoe.com 

This email may contain information that is privileged, confidential, or otherwise proJected from disclosure. If you have received this 
email in error, do not copy, distribute, save or otherwise use. Please notify the sender immediately at jmann@steptoe.com. 
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Any change with the pending Nalco registrations? 
Mann, Juliana 
to: 
Dennis Edwards, Tracy Lantz 
06/22/2011 12:26 PM 
Hide Details 
From: "Mann, Juliana" <JMann@steptoe.com> 

To: Dennis Edwards/DC/USEP A/US@EPA, Tracy Lantz!DC/USEP A/US@EPA 

History: This message has been replied to. 
Hi Dennis and Tracy, 

Any change in status to 1706-EUR, -EGO, -EUN? Na!co's asking for an update. 

Dennis, I hope you had a restful vacation. 

Thanks, 

Ju!i 

Page 1 of 1 

Juli Mann 1 Regulatory Analyst 1 Steptoe & Johnson LLP 11330 Connecticut Avenue, NW I Washington, DC 20036-1795 I Phone: 
202-429-3095 1 Fax: 202-429-3902 ltmann@steptoe.com 

This email may con lain information that is privileged, confidential, or otherwise protected from disclosure. If you have received this email in error, do not 
copy, distribute. save or otherwise use. Please notify the sender immediately at jmann@steptoe.com. 

file://C:\Docmnents and Settings\tlantz\Loca1 Settings\ Temp\notes87944 B\-web9216.htm 8/12/2011 
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RE: DERs for 1706-EUN 
Mann, Juliana to: Tracy Lantz 

Thank you for checking, 
Juli 

--~~~Original Message~~-~~ 

06t14/2011 03:11 PM 

From: Lantz.Tracy®epamail.epa.gov [mailto:Lantz.Tracy®epamail.epa.gov] 
Sent: Tuesday, June 14, 2011 3:08 PM 
To: Mann, Juliana 
Cc: Edwards.Dennis®epamail.epa.gov 
Subject: Fw: DERs for 1706~EUN 

I have spoken with my management and they have indicated that since we have 
not complete our review, we are not able to release the DERs at this time. 
(Embedded image moved to file: pic15298.jpg) 

From: 

Forwarded by Tracy Lantz/DC/USEPA/US on 06/14/2011 03:04PM-~~~~ 

Tracy Lantz/DC/USEPA/US 
To: 
Date: 
Subject: 

"Mann, Juliana" <JMann®steptoe.com> 
06/14/2011 02:30PM 

Re: DERs for 1706~EUN 

I have been unable to speak to my management today regarding this issue. 
I am hoping to speak to them this afternoon. 
(Embedded image moved to file: pic01348.jpg) 

From: 
To: 
Date: 
Subject: 

Hi Tracy, 

"Mann, Juliana" <JMann®steptoe.com> 
Tracy Lantz/DC/USEPA/US®EPA 
06/14/2011 01:55 PM 

DERs for 1706~EUN 

I just wanted to follow~up on the request for the DERs for the ammonium 
sulfate registration, 1706-EUN. The folks at Nalco are flying out tomorrow 
afternoon for a Thursday morning meeting with New York. AnY chance the DERs 
will be available by tomorrow afternoon? 

I know it's an imposition and I apologize for that but I wanted to check 
whether they'll be ready. 

Thank you, 
Juli 

Juli Mann 
Regulatory Analyst 
Steptoe & Johnson 
1330 Connecticut Ave., NW 
Washington, D.C. 20036 
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Fw: DERs for 1706-EUN 
Tracy Lantz to; Mann, Juliana 
Cc: Dennis Edwards 
Bee: Jennifer Mclain, Joan Harrigan-Farrelly 

06/14/201 t 03:07PM 

I have spoken with my management and they have indicated that since we have not complete our review, 
we are not able to release the DERs at this time. 

/ J a 
Tracy Lantz 
Regulatory Team 31 
Antimicrobials Division 
U. S. Environmental Protection Agency 
Phone: (703)308H5415 
FAX: (703) 30SS481 

--·Forwarded by Tracy Lantz/DC/USEPAJUS on 06/t4/20 t1 03:04PM~---

From: 
To: 
Date: 
Subject: 

Tracy Lanlz/DC/USEPA/US 
"Mann, Juliana" <JMann@sleptoe.com> 
06/t4/20"1 t 02:30PM 
Re: DERs for 1706-EUN 

I have been unable to speak to my management today regarding this issue. 
this afternoon. 

/ J a 
Tracy Lantz 
Regulatory Team 31 
Antimicrobials Division 
U.S. Environmental Protection Agency 
Phone: (703)308H5415 
FAX: (703) 308-8481 

"Mann, Juliana" Hi Tracy, I just wanted to follow~up on the reque ... 

From: 
To: 
Date: 
Subject: 

Hi Tracy, 

"Mann, Julianan <JMann@steploe.com> 
Tracy Lantz/DC/USEPAJUS@EPA 
06/t4/2Qt1 Ot:55 PM 
DERs for 1706-EUN 

I am hoping to speak to them 

06/14/2011 01:55:10 PM 

I just wanted to follow~up on the request for the DERs for the ammonium sulfate registration, 1706~EUN. 
The folks at Nalco are flying out tomorrow afternoon for a Thursday morning meeting with New York. Any 
chance the DERs will be available by tomorrow afternoon? 
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l know it's an imposition and l apologize for that but I wanted to check whether they'll be ready. 

Thank you, 
Juli 

Juli Mann 
Regulatory Analyst 
Steptoe & Johnson 
1330 Connecticut Ave., NW 
Washington, D.C. 20036 
202-429-3095 



109

Re: DERs for 1706-EUN [J 
Tracy Lantz to: Mann, Juliana 06/14/2011 02:30PM 

I have been unable to speak to my management today regarding this issue. I am hoping 10 speak to them 
this afternoon. 

/. 

'Ja~ 
Tracy Lantz 
Regulatory Team 31. 
Antimicrobials Division 
U. 5. Environmental Protection Agency 
Phone: (703)30SH541.5 
FAX: (703) 30S8481. 

"Mann, Juliana" Hi Tracy, I just wanted to follow-up on the reque ... 

From: 
To: 
Dale: 
Subject: 

Hi Tracy, 

"Mann, Juliana" <JMann@steptoe.com> 
Tracy Lantz/DC!USEPA/US@EPA 
06/14/2011 01 :55 PM 
DERs for 1706-EUN 

06/14/2011 01:55:10 PM 

I just wanted to follow-up on the request for the DERs for the ammonium sulfate registration, 1706-EUN. 
The folks at Nalco are flying out tomorrow afternoon for a Thursday morning meeting with New York. Any 
chance the DERs will be available by tomorrow aftemoon? 

I know it's an imposition and I apologize for that but I wanted to check whether they'll be ready. 

Thank you, 
Juli 

Juli Mann 
Regulatory Analyst 
Steptoe & Johnson 
1330 Connecticut Ave., NW 
Washington, D.C. 20036 
202-429-3095 
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Hi Tracy, 

DERs for 1706-EUN 
Mann, Juliana 
to: 
Tracy Lantz 
06/14/2011 01:55PM 
Hide Details 
From: "Mann, Juliana" <JMann@steptoe.com> 

To: Tracy LantziDC/USEPAIUS@EPA 

History: This message has been replied to. 

Page I of! 

I just wanted to follow-up on the request for the DERs for the ammonium sulfate registration, 1706-EUN. The 
folks at Nalco are flying out tomorrow afternoon for a Thursday morning meeting with New York. Any chance the 
OERs will be available by tomorrow afternoon? 

I know it's an imposition and I apologize for that but I wanted to check whether they'll be ready. 

Thank you, 
Juli 

Juli Mann 
Regulatory Analyst 
Steptoe & Johnson 
1330 Connecticut Ave., NW 
Washington, D.C. 20036 
202-429-3095 

file:/ /C:\Documents and Settings\tlantz\Local Settings\ T ernp\notes87944B\-web661 O.htrn 8/12/2011 



Comments on Ammonia and Urea Draft Decisions and Questions 
Re: Draft Urea Decision memo for your review [J 

Jennifer Mclain, Tracy Lantz, Chris Kaczmarek, 
Philip Ross to: Dennis Edwards, Joan Harrigan-Farrelly, Me!ba 06/t4/2011 Ot:23 PM 

Attomey Client Communication 
Attorney Work Product 
Deliberative 
Privileged and Confidential 
Do Not Re!ease 

AII--

Morrow, Velma Nob!e 
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Thanks! 

Phif 

Phifip J. Ross 
United States Environmental Protection Agency 
Office of General Counsel 
Pesticides and Toxic Substances Law Office 
202-564-5637 

Philip Ross Attorney Client Communication Attorney Work P, .. 

From: Philip Ross/DC/USEPAfUS 
To: Jennifer Mciain/DC/USEPAfUS@EPA 

06/13/201102:30:22 PM 

Cc: 

Daie: 

Tracy LantzlDC/USEPA/US@EPA, Chris KaczmareklDC/USEPA/US@EPA, Dennis 
Edwards/DC/USEPA/US@EPA, Joan Harrigan-Farrelly/DC/USEPA/US@EPA, Mefba 
Morrow/DC/USEPA/US@EPA, Velma Noble/DC/USEPA/US@EPA 
06/13/201102:30 PM 

Subiect Re: Draft Urea Decision memo for your review 

Attorney Client Communication 
Attorney Work Product 
Deliberative 
Privileged and Confidential 
Do Not Release 

Phifip J. Ross 
United States Environmental Protection Agency 
Office of General Counsel 
Pesticides and Toxic Substances Law Office 
202-564-5637 

Jennifer Mclain 
Phifip Ross 
Tracy Lantz 

Phil 
Attorney Client Communication Attorney Work Po.. 

Phil, . 

06/13/201102:23:40 PM 
06/13/201102:03:44 PM 
06/10/2011 06:24:41 PM 

112

*Commercial/financial information may be entitled to confidential treatment*

*Commercial/financial information may be entitled to confidential treatment*

*Commercial/financial information may be entitled to confidential treatment*



113

~ 
~ 

Re: 1706-EUN DERs ~ 
Tracy Lantz to: Mann, Juliana 
Cc: Velma Noble 

06/to/2011 04:33PM 

I'll check with my management next week to be sure there aren't any objections to providing the DERs 
before the product is registered. 
If it is OK, I will try to get them to you sometime next week. 

/, 
J 0 

Tracy Lantz 
Regulatory Team 31 
Antimicrobials Division 
U.S. Environmental Protection Agency 
Phone: (703)30s-6415 
FAX: (703)30~1 

"Mann, Juliana" Hi Tracy, Is there any way we can get copies oft... 

From: 
To: 
Cc: 
Date: 
Subject 

Hi Tracy, 

"Mann, Juliana" <JMann@steptoe.com> 
Tracy Lantz/DC/USEPNUS@EPA 
Dennis Edwards/DC/USEPA/US@EPA 
06/10/2011 04:07PM 
t706~EUN DERs 

06/10/2011 04:07:55 PM 

Is there any way we can get copies of the DERs for the ammonium sulfate registration? Nalco 
has a pre-registration meeting next week with New York to discuss the registration and New 
York has requested the DERs. I have the product chemistry review from February. 

As before, thank you very much, 

Juli 

Juli Mann I Regulatory Analyst I Steptoe & Johnson llP 11330 Connecticut Avenue, NW [ Washington, DC 
20036-1795 I Phone: 202-429-3095 I Fax: 202-429-3902 I jmann@steptoe.com 

This email may contain information that is privileged, confidential, or otherwise protected from disclosure. If you have received this 
email in error, do not copy, distribute, save or otherwise use. Please notify the sender immediately atjmann@steptoe.com. 
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Hi Tracy, 

1706-EUN DERs 
Mann, Juliana 
to: 
Tracy Lantz 
06/10/2011 04:07PM 
Cc: 
Dennis Edwards 
Hide Details 
From: 11Mann, Juliana" <JMann@steptoe.com> 

To: Tracy Lantz/DC/USEPA/US@EPA 

Cc: Dennis Edwards/DC/USEP A/US@EP A 

History: This message has been replied to. 

Page 1 of 1 

Is there any way we can get copies of the DERs for the ammonium sulfate registration? Nalco has a 
pre-registration meeting next week with New York to discuss the registration and New York has 
requested the DERs. I have the product chemistry review from February. 

As before, thank you very much, 

Juli 

Juli Mann 1 Regulatory Analyst 1 Steptoe & Johnson LLP 11330 Connecticut Avenue, NW 1 Washington, OC 20036-1795 1 Phone: 
202-429-3095 1 Fax: 202A29-3902 1 jmann@steptoe.com 

This email may contain information that is privileged, confidential, or othe!Wise protected from disclosure. If you have received this email in error, do not 
cOP'J, distribule, save or otheiWise use. Please notify the senderlmmediately atjmann@steptoe.com. 

fi1e://C :\Documents and Settings\tlantz\Loca1 Settings\ Temp\notes87944B\-web2961.htm 8/12/2011 



Re:  
Robert Perris to; Philip Ross 

Chris Kaczmarek, Dennis Edwards, Jennifer Mclain, Joan Cc: 
.~~ __ -,H.::arrigan~FarreIlY, leslye Fraser, Steven Bradbury, Kim Wilson 

Joan et al: 

06/03/20 t t 03:30 PM 

Bob 

Philip Ross Attorney Client Communication Attorney Work 06/03/2011 10:20:46 AM 

From: Philip Ross/DC/USEPNUS 
To: Joan Harngan-FarrellyIDC/USEPAJUS@EPA 
Cc: Chris KaczmareklDC/USEPAlUS@EPA, Dennis Edwards/DC/USEPAJUS@EPA,Jennifer 

Mclaln/DC/USEPAJUS@EPA, leslye Fraser/DC/USEPAJUS@EPA, Robert 
Perlis/DC/USEPAJUS@EPA, Steven Bradbury/DC/USEPAJUS@EPA 

Date: 06/03120 t t to:20 AM 
Subject:  

Attorney Client Communication 
Attorney Work Product 
Deliberative 
Privileged and Confidential 
Do Not Release 
Joan~-
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Thank you aI/ so much!!!!!! 
Fw: Clean Scan!!!! RE: Final Signed Joan Harrigan-Farrelly Declaration 

Joan Harrigan-Farrelly, Caroline Klos, Eastlyn 
Phifip Ross to: MCintyre, Dennis Edwards, Tracy Lantz, Jennifer 04/27/2011 05:50 PM 

Mclain 
Cc: Leslye Fraser, Chris Kaczmarek 

Attorney Client Communication 
Attorney Work Product 
Deliberative 
Privileged and Confidential 
Do Not Release 

Joan/Eastlyn/Carofine/DennislTracy/Jennifer--

Thanks again! 

Phil 

Philip J. Ross 
United States Environmental Protection Agency 
Office of General Counsel 
Pesticides and Toxic Substances Law Office 
202-564-5637 

--~- Forwarded by Philip Ross/DC/USEPAlUS on 04/27/2011 05:43 PM -----

From: 
To: 
Cc: 

Date: 
Subject: 

Philip RosslDC/USEPAlUS 
"Hostetler, Eric (ENRD)" <Eric.Hostetler@usdoj.gov> 
Chris KaczmareklDC/USEPAlUS@EPA, Don LottlDC/USEPAlUS@EPA, John 
Ruggero/DC/USEPAlUS@EPA, Kim Wilson/DC/USEPAlUS@EPA, Rosemarie 
Kelley/DC/USEPAlUS@EPA 
04/27/2011 05:24 PM 
Clean Scan!!!! RE: Final Signed Joan Harrigan-Farrelly Declaration 

Attorney Client Communication 
Attorney Work Product 
Deliberative 
Privileged and Confidential 
Do Not Release 
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~ 
Harrigan-Faflelly Declaration.pdf 

PhilipJ. Ross 
United States Environmental Protection Agency 
Office of General Counsel 
Pesticides and Toxic Substances Law Office 
202-564-5637 

"Hostetler, Eric (ENRD)"  

From: 
To: 

"Hostetler, Eric (ENRO)" <Eric.Hostet!er@usdot.gov> 
Philip Ross/DC/USEPAlUS@EPA 

04/27/201105:19:03 PM 

Ce', Chris KaczmareklDC/USEPAfUS@EPA, Don LottlDC!USEPAfUS@EPA, John 
Ruggero/DC/USEPAlUS@EPA, Kim Wilson/OC/USEPAfUS@EPA, Rosemarie 
Kelley/DC/USEPAlUS@EPA 

Date: 04/27/2011 05:t9 PM 
Subject: RE: Fina! Signed Joan Harrigan-Farrelly Declaration 

-----Original Message-----
From: Ross.Philip@epamail.epa.gov [mailto:Ross.Philip@epamail.epa.gov] 
Sent: wednesday, April 27, 2011 5:10 PM 
To: Hostetler, Eric (ENRD) 
Cc; Kaczmarek.Chris@epamail.epa.govi Lott.Don@epamail.epa.govi 
Ruggero.John@epamail.epa.govi Wilson.Kim@epamail.epa.govi 
Kelley.Rosemarie@epamail.epa.gov 
Subject; RE; Final Signed Joan Harrigan-Farrelly Declaration 

Attorney Client Communication 
Attorney Work Product 
Deliberative 
Privileged and Confidential 
Do Not Release 

Philip J. Ross 
United States Environmental Protection Agency 
Office of General Counsel 
Pesticides and Toxic Substances Law Office 
202-564-5637 

From: 
To; 
Cc; 

Date: 
Subject; 

"Hostetler, Eric (ENRD) " <Eric.Hostetler@usdoj.gov:> 
Philip Ross/DC/USEPA/us@EPA 
Chris Kaczmarek/DC/USEPA/US@EPA, Don Lott/DC/USEPA/us@EPA, 

John Ruggero/DC/USEPA/US@EPA, Kim Wilson/Dc/uSEPA/US@EPA, 
Rosemarie Kelley/DC/USEPA/US@EPA 

04/2712011 05;05 PM 
RE; Final Signed Joan Harrigan-Farrelly Declaration 
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-----original Message-----
From: ROss.Philip@epamail.epa.gov [mailto:Ross.Philip@epamail.epa.gov] 
Sent: wednesday, April 27, 2011 5:04 PM 
To: Hostetler, Eric [ENRD) 
Cc: Kaczmarek.Chris@epamail.epa.gov; Lott.Don@epamail.epa.gov; 
Ruggero.John@epamail.epa.gov; Wilson.Kim@epamail.epa.gov; 
Kelley.Rosemarie@epamail.epa.gov 
Subject: Final Signed Joan Harrigan-Farrelly Declaration 
Importance: High 

Attorney Client Communication 
Attorney Work Product 
Deliberative 
Privileged and Confidential 
Do Not Release 

Eric--

Phil 

Philip J. Ross 
United States Environmental Protection Agency 
Office of General Counsel 
Pesticides and Toxic Substances Law Office 
202-564-5637 
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UNITED STATES DISTRICT COURT 
FOR THE DISTRICT OF COLUMBIA 

NALCO COMPANY ) 
I601 West Diehl Road ) 
Naperville, IL 60653 ) 
Plaintiff, ) 

) 
) 

v. ) 
) 

UNITED STATES ENVIRONMENTAL ) 
PROTECTION AGENCY, ) 
1200 Pennsylvania Ave., N.W. ) 
Washington, D.C. 20460 ) 

) 
and ) 

) 
LISA P. JACKSON, ADMINISTRATOR ) 
UNITED STATES ENVIRONMENTAL ) 
PROTECTION AGENCY ) 
1200 Pennsylvania Ave., N. W. ) 
Washington, D.C. 20460 ) 

) 
Defendants ) 

Civil Action No. 1: 11-cv-00760 

DECLARATION OF JOAN HARRIGAN-FARRELLY 

1. My name is Joan Harrigan-Farrelly and I am over eighteen years of age and am 
competent to make this declaration. The facts herein are based on my own 
personal knowledge and are true and correct to the best of my knowledge. 

2. I am Director of the Antimicrobials Division t'AD") of the Office of Pesticides 
Programs ("OPP'') in the Office of Chemical Safety and Pollution Prevention of 
the United States Environmental Protection Agency ("EPA'' or "the Agency"). 

3. As AD Director, I am responsible for directing, managing and overseeing all of 
the work done within the division. 

4. I have been the Director of AD since September 29.2008. Prior to becoming the 
Director of AD, I was Director, ResoW'ce Management Division, Office of 
Superfund Remediation and Teclmoiogy Innovation within the Office of Solid 
Waste and Emergency Response. Prior to that I was Branch Chief of the 

1 
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Prevention Branch in the Office of Groundwater and Drinking Water within the 
Office of Water. 

5. I have held management positions within EPA since December, 2001 . 

6. AD is one of nine divisions in OPP. Three of the divisions, including AD, are 
charged with making registration decisions concerning pesticide product 
applications. 

7. AD's responsibilities, among other things, include review and decision-making 
concerning applications for pesticide product registrations or amendments to 
existing pesticide registrations and other actions under the Federal Insecticide, 
Fungicide, and Rodenticide Act (FIFRA), as well as actions under the Federal 
Food, Drug, and Cosmetic Act (FFDCA) involving regulation of pesticide 
residues in food and other food-related surfaces subject to EPA regulation. 

8. AD is responsible for regulating the sale and distribution of antimicrobial 
pesticides. There are 68 staff and managers in AD, with scientific and regulatory 
expertise. 

9. FIFRA is the statute governing the sale, distribution, and use of pesticides. In 
order to be lawfully sold or distributed in the United States, FIFRA generally 
requires that pesticide products be registered by the Agency. 

10. Prior to granting approval for a pesticide registration, EPA must determine that 
the subject pesticide product meets the applicable statutory standard for 
registration. Among other things, the Agency must determine that the pesticide 
product will perform its function without causing unreasonable adverse effects on 
human health or the environment. 

1 I. In support of an application for registration or amendment, EPA, pursuant to 
FIFRA and its regulations, requires that applicants submit or cite data and other 
information that the Agency reviews and assesses in making its registration 
decision. 

12. In general, antimicrobial pesticides include products which make claims to 
disinfect, sanitize, reduce, or mitigate the growth or development of 
microbiological organisms; or protect inanimate objects, industrial processes or 
systems from contamination, fouling, or deteriorating caused by bacteria, viruses, 
fungi, protozoa, algae, or slime. 

13. Products, including the unregistered Nalco products at issue in the instant 
proceeding, used as biocides as part of a biocidal system to control slime build up 
in water used in the production ofpu1p and paper board are included among the 
antimicrobial pesticides regulated under FIFRA and fall within the jurisdiction of 
AD. 

2 
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14. On October 25,2007, the Agency first received a formal inquiry on behalf of 
Nalco concerning use of ammonia (but not urea) in conjunction with sodium 
hypochlorite in water. The formal inquiry was in an October 25, 2007 letter from 
Sefu Goldberg, an attorney with Steptoe and Johnson, to Frank Sanders who was 
then AD Division Director. In the letter, Goldberg asked about the status of 
ammonia use in combination with sodium hypochlorite in water under FIFRA 

15. Goldberg did not make any mention whatsoever of urea in his October 25, 2007 
letter to Frank Sanders. 

16. On October 30,2007, and again on December4, 2007, Nalco petitioned the 
Agency asking that it reconsider- in essence, cancel- the ammonia registrations 
that it had issued to two ofNalco's competitors, Ashland and Buckman. 

I 7. The October 25, 2007 Goldberg inquiry and the December 2007 Nalco petition 
requesting that the Agency reconsider ammonia registrations led to a February 7, 
2008 Agency response in the form of a letter from Frank Sanders, then AD 
Division Director, to Goldberg. In the letter, Sanders set forth the status of the 
Agency's consideration of the ammonia issue under FIFRA and the Agency's 
plans for its further consideration and resolution. Sanders also provided in that 
letter the Agency's view of how ammonia sold or distributed for use in 
connection with chlorine to treat water related to FIFRA in the absence of any 
pesticidal claims being made for such products: "Until EPA makes a decision on 
the petition, the Office of Pesticide Programs would regard Nalco's sale and 
distribution of ammonia and ammonia products for use in connection with 
chlorine to treat water to require registration under FIFRA Section 3 only ifNalco 
makes a pesticidal claim for such products." 

18. In February of2010, AD held a meeting with Nalco, Ashland and Buckman, to 
discuss the competing petitions filed by the companies challenging the need for 
registration of ammonia and urea as pesticides (Nalco), and petitioning EPA to 
stop Nalco from marketing their ammonia and urea products (Ashland and 
Buckman). There was a stenographer at the meeting, and the transcript was 
subsequently posted to the ammonia/urea docket (EPA Docket ID No. EPA-HQ-
2009-1005) established for these petitions. 

19. In May, 2010, the Agency opened a public docket to take public comment on 
whether or not ammonia and urea products for the pulp and paper use should be 
required to be registered as pesticides. The petitions filed by Nalco, Ashland, and 
Buckman were among the documents that the public was invited to comment 
upon. The comment period was initially opened for 60 days and then extended 
for another 60 days. 

20. On December 16,2010, after reviewing all the public comments and undertaking 
a comprehensive review of the information submitted by the Petitioners, the 
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Agency made a determination that ammonia and urea, when used as biocides to 
control microbial growth in paper production equipment and processes, were 
pesticides and needed to be registered under FIFRA. 

21, On December 16, 2010, the Agency sent a letter to Nalco, Ashland, and Buckman 
notifying them of the Agency's determination and informing Nalco that they 
needed to register their ammonia and urea products as pesticides. In general, only 
products which have been registered by EPA and which bear, among other things, 
valid EPA registration numbers and approved use directions may be sold or 
distributed as pesticides in the United States. 

22. On December 23,2010, Nalco submitted applications to EPA for FIFRA pesticide 
product registrations for three products-two containing urea and one containing 
ammonia. All three products are intended to control microbial grov.rth in paper 
production equipment and processes. 

23. Prior to Nalco filing its subject applications for registration, the Agency was 
aware ofNalco selling and distributing one ammonia product and one urea 
product-neither of which were or are registered. Nalco included in its submitted 
applications an additional urea product of which the Agency, at least prior to the 
application submission and its initial review was previously unaware and which 
was not and is not yet registered. 

24. Nalco, prior to December 23, 2010, did not seek antimicrobial pesticide product 
registrations for any of its products containing either urea or ammonia as the 
active ingredient. At no time, up to and including the present, has Nalco held any 
FIFRA registrations for antimicrobial pesticide products containing either urea or 
ammonia as an active ingredient. 

25. On December 29, 2011, the Office of Enforcement and Compliance Assurance, 
issued Nalco a Section 13 Stop Sale, Use or Removal Order. 

26. On January 5, 2011, after the initial screening by the Information Technology and 
Resources Management Division, the three Nalco applications for pesticide 
registration were sent to AD Product Team 31. 

27. The first step in processing an application for pesticide registration once it has 
been assigned to a Product Team is determining a review code and review time 
under the Pesticide Registration Improvement Act of2007 ("PRIA"). 

28. PRIA amended FIFRA and governs in general the time lines for pesticide 
application processing and review, including, but not limited to, those relating to 
certain antimicrobial pesticide product applications. 

29. Nalco proposed a PRIA code of A420 in their application, which is a new active 
ingredient, non-food use. The Agency assigned a PRlA Code of A380, which is a 
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new active ingredient, food use code, which means a tolerance or tolerance 
exemption under the FFDCA is required. Therefore, the PRIA deadline for 
Nalco's products of January 13,2013 is based upon a PRIA review start date of 
Januaty 13, 2011. The PRIA review start date is determined by the date of receipt 
of the application by the Agency plus 21 days. 

30. On Januaty 5, 2011 Nalco was informed that the PRIA codes assigned to their 
applications were A380 and A380.1. The PRIA code A380.1 was subsequently 
changed to A 380.0 and Nalco was notified of the change on January 7, 2011. 

31, On January 10,2011, Nalco requested a discretionary refund due to the difference 
in the PRIA codes. Nalco had requested an A420 and the Agency assigned an 
A380. The A380 is a higher cost than the A420. In their rationale, Nalco said that 
the Agency had already reviewed ammonia and had done a tolerance re­
assessment on urea, therefore they believed that the burden would not be as great 
on the Agency. Nalco also inquired as to the timeline for review and decision. 
The Agency had previously, on January 5, 2011, addressed the coding issues 
raised by Nalco and addressed the refund request by changing the codes and 
deciding to refund a portion of the fee. The PRIA deadline was unaffected. 

32. In another step taken in the pesticide registration application review process, on 
February 2, 2011, the Agency published a Federal Register Notice that announced 
the receipt of the three Nalco applications and indicated that they were 
applications for registration of two new active ingredients to treat water used in 
the manufacture of pulp and paperboard. The following dockets were established 
for the applications: EPA-HQ-OPP-2011-0019 for ammonia; and EPA-l-!Q-OPP-
201! -0020 for urea. 

33. The application packages for the three Nalco products each included: EPA Form 
8570, the Confidential Statement of Formula, Certification with Respect to Data 
Citation, a Data Matrix, Labels and Data. 

34. AD continues its review and assessment of the three subject Nalco applications. 

35. Significant tasks still need to be completed prior to action on the registration 
applications. Among other things, AD's Risk Assessment Science Support 
Branch needs to complete a risk assessment; proposed decision documents must 
be drafted; public comments must be solicited on the proposed decisions; and 
final decisions on the applications must be written and issued. 

36. AD has requested additional infonnation or data from Nalco to support its three 
applications for ammonia and urea product registrations and has engaged in back­
and-forth exchanges with the company on more than 22 occasions since the 
review of the Nalco applications began. 
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37. On more than one occasion, Nalco has inquired as to the status of the AD's 
review of the applications and the expected decision date or timeline for 
completion of review and the rendering of registration decisions. 

38. At no time during the review process has AD reported to Nalco that a decision 
was "just a few weeks away." On the same day thatNalco submitted its 
applications for registration of the three subject products, and in response to an 
email from Seth Goldberg in which he said "Nalco sincerely hopes you will do 
your best to expedite the processing of these applications," I replied by email with 
the following: "AD will work as expeditiously as possible to review and make its 
decision concerning the Nalco application." Subsequently, the Agency did 
commit to Nalco and to members of Congress that the Agency would work to 
expedite the registration process, and complete a review by early summer of2011. 

39. I do not know nor have I ever spoken with either Mr. Asirur Rahman or Mr. 
Michael Ancona (Nalco employees who submitted declaratiollS in this matter) 
and I do not believe that AD has had any communications with either person. 
Therefore I am not aware of any commitments made to these two gentlemen by 
me or members of my staff concerning the Nalco applications. 

40. At no time before or during the application review process has Nalco cited or 
referenced any statutory provision in reference to its requests that the Agency 
expedite consideration of its ammonia and urea applications. 

41. The only official and specific date relayed by AD to Nalco for completion of the 
review and decision process for the Nalco applications for registration is January 
13, 2013, which is the PRIA deadline applicable to these registration applications. 

42. Recently, in response to a request by the AD, Nalco submitted an April I4, 2011 
letter from Dr. Francis Lin, Director of the Division of Food Contact Notifications 
of the Office of Food Additive Safety of the Center for Food Safety and Applied 
Nutrition of the U.S. Food and Drug Administration (FDA). The letter was 
needed to confirm that FDA had no concerns with residues of chlorourea that 
might be formed during the manufacturing process of pulp and paper board that 
may come in contact with food. We asked for the same documentation for the 
ammonia registration of the Buckman product. 

43. The FDA letter reflects FDA's opinion concerning the limited issues addressed by 
the letter and does not reflect either approval by FDA ofNalco's urea products for 
any reason or under any statute. The letter does not represent any finding that the 
products warrant registration under FIF~ but instead is but one additional piece 
of information which will be considered by AD when reaching decisions on the 
product applications. This particular letter relates only to use of urea and does not 
address ammonia or Nalco's ammonia product. 
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44, The registration applications for urea and ammonia products present different 
issues for consideration. AD previously reviewed applications for ammonia 
registrations for the same use being sought by Nalco when it reviewed other 
applicants' registration application packages, such as Buckman's, for similar 
ammonia products. On the other hand, Nalco's urea product application 
represents the first time AD has received an application for urea for this use or for 
any antimicrobial urea use. Hence, there was no prior risk assessment concerning 
this use of urea 

I hereby declare and affirm, subject to the penalties of perjury, that the foregoing 
statements are true and correct. 

DATE /f/o21 /tz_ofj 
I f 
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1706-EUN sensitization citation 
Mann, Juliana 
to: 
Melba Morrow 
04/26/2011 02:15PM 
Cc: 
Dennis Edwards, Tracy Lantz 
Hide Details 
From: "Mann, Juliana" <JMann@stcptoe.com> 

To: Melba Morrow/DCJUSEPAIUS@EPA 

Cc: Dennis Edwards/DC/USEPA/US@EPA, Tracy Lantz/DC!USEPAJUS@EPA 

2 Attachments 

~ ":t 
image002.png IUCL!Dammonia.pdf 

Hi Melba, 

Page 1 of2 

Please find attached an IUCLID document for anhydrous ammonia. The document contains information identifying the chemical as a 
non-sensitizer. Please seep. 90/!60 for the following information: 

5.3 Sensitization 

Type: 
Species: 
Nwnber of 

Animals: 
Vehicle: 
Result: 
Classification: 
Method: 

Year: 
Teat substance! 
Remark: 

Source: 

Open epicutaneous test 
guinea pig 

not sensitizing 

other: BASF-Test 

as prescribed by 1.1 - 1.4 
GLP: no 

The test substance used was aqeous NH40H (maximum 20%) . 
Although a 20% solution caused severe necrosis after 
repeated dermal induction of the back (challenge) . No sign 
of sensitization was observed when the same concentration 
was once applied to the other previously untreated back 
side of the animal. No data with NH3 on animals are 
available as it is a gas at ambient room temperature and 
pressure. 
BASF AG Ludwigshafen 

(165) 

fi1e://C:\Documents and Settings\tlantz\Loca1 Settings\Temp\notes87944B\-web2347.htm 8/9/2011 
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Page2of2 

Please confirm that the information is acceptable. If you have any questions or need any additional information please give me a call or 
email me. I will get back to you promptly. 

Thank you, 
Juli 

lull Mann 1 Regulatory Analyst 1 Steotoe & Johnson LL? 11330 connetticut Avenue, NW 1 Washington, DC 20036·1795 1 Ph4ne: 202-429-3095 1 Fax: 202-429-3902 I 
jmann@steptoe.com 

ThiS ema•l may conta1n inlormallon that " privileged. confidential. or otherwise protected trom dosolosuro. It you have "'ceived this email in error. clo not copy, diotnblfle, sauo or othorwioo use. Pleoso 
notify the senCor immediately at tmann@sleptoe com. 

file://C:\Documents and Settings\tlantz\Local Settings\Temo\notes87944B\~web2347.htm 8/9/2011 
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t1SidJ Re: 1706~EUN- Draft expanded justification for sensitization waiver c:J 
llll¥Ql4111 Tracy Lantz to: Mann, Juliana 04/25/201 t 04:34PM 

Cc: Dennis Edwards, Melba Morrow 

I do not know at this time if this will be considered acceptable. 

6 /)> ~ 
~a~ 

Tracy Lantz 
Regulatory Team 31 
Antimicrobials Division 
U.S. Environmental Protection Agency 
Phone: (703)30SH641S 
FAX: (703) 30~481 

"Mann, Juliana" We expanded the justification document for the ... 

From: 
To: 
Cc: 
Date: 
Subject: 

"Mann, Juliana" <JMann@steptoe.com> 
Tracy Lantz/DC/USEPAIUS@EPA, Melba Morrow/DC/USEPAIUS@EPA 
Dennis Edwards/DC/USEPAIUS@EPA 
04125120 t1 04:20PM 
t706-EUN ~Draft expanded justification for sensitization waiver 

0412512011 04:20:22 PM 

We expanded the justification document for the sensitization waiver. Will the attached 
document provide enough information for the waiver? If it's acceptable, I'll finalize the 
document. 

Thank you, 

Juli 

Juli Mann I Regulatory Analyst I Steptoe & Johnson LLP 11330 Connecticut Avenue, NW I Washington, DC 
20036-1795 I Phone: 202-429-3095 I Fax: 202-429~3902 I jmann@steptoe.com 

This email may contain information that is privileged, confidential, or otherwise protected from disclosure. If you have received this 
email in error, do not copy, distribute, save or olherwise use. Please notify the sender immediately at jmann@steptoe.com. 

§J 
4-25-201 t Nalco 60620 sensitization potential.doc 
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1706-EUN- Draft expanded justification for sensitization waiver 
Mann, Juliana 
to: 
Tracy Lantz, Melba Morrow 
04/25/2011 04:20PM 
Cc: 
Dennis Edwards 
Hide Details 
From: "Mann, Juliana" <JMann@steptoe.com> 

To: Tracy Lantz/DC/USEPAIUS@EPA, Melba Morrow/DC/USEPAIUS@EPA 

Cc: Dennis Edwards/DC/USEP AIUS@EPA 

History: This message has been replied to and forwarded. 

1 Attaclnnent 

~ 
4-25-2011 Nalco 60620 sensitization potential.doc 

Page 1 of 1 

We expanded the justification document for the sensitization waiver. Will the attached document 
provide enough information for the waiver? If it's acceptable, I'll finalize the document. 

Thank you, 

Juli 

Juli Mann 1 Regulatory Analyst 1 Steptoe & Johnson LLP 11330 Connecticut Avenue, NW 1 Washington, DC 20035-1795 1 Phone: 
202-429-3095 1 Fax: 202-429-3902 1 jmann@steptoe.com 

This email may contain information that is privileged, confidential, or otherwise protected from disclosure. If you have received this email in error, do not 
copy, distribute, save or otherwise use. Please notify the sender immediately at jmann@steptoe.com. 

file://C:\Documents and Settings\tlantz\Local Settings\Temp\notes87944B\-web2465.htrn 8/9/2011 
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There is no study known that explicitly determines the potential for ammonium sulfate to be a 
skin sensitizer. However, the weight of evidence and the use of scientific judgement allow a 
determination to be made that ammonium sulfate is not a skin sensitizer. 

OECD provides a framework for determination of sensitization (OECD 2001, pages 39-43). For 
a compound to be identified as a sensitizer, OECD identifies that the criteria are: 

• ifthere is evidence in humans that the substance can induce sensitisation by 
skin contact in a substantial number of persons, or 

• where there are positive results from an appropriate animal test. 

Positive evidence includes any or all of the following: 
• Positive data from patch testing, normally obtained in more than one 

dermatology clinic. 
• Epidemiological studies showing allergic contact dermatitis caused by the 

substance. Situations in which a high proportion of those exposed exhibit 
characteristic symptoms are to be looked at with special concern, even if the 
number of cases is smalL 

• Positive data from appropriate animal studies. 
• Positive data from experimental studies in man. 
• Well documented episodes of allergic contact dermatitis, normally obtained in 

more than one dermatology clinic 

If a compound does not meet the above criteria, then it can be considered as a non-sensitizer. 

Ammonium sulfate is a broadly used fertilizer material, with no known reported incidents of skin 
sensitization. It is used as a pesticidal adjuvant for crop uses. It also is broadly used as a food 
additive and for numerous other nonpesticidal uses. There is no evidence or reports of skin 
sensitization associated with any of its uses. 

In addition, data from structural analogs can be considered. In its tolerance reassessment of 
mineral acids and salts (REF), EPA evaluated the following compounds together, based on the 
sulfur component: 

Sulfuric acid 
Ammonium sulfate 
Ferric sulfate 
Magnesium sulfate 
Potassium sulfate 
Sodium sulfate 
Sodium bisulfate 
Zinc sulfate 

EPA also identifies that calcium sulfate was reassessed previously and assigned to Inert Group 
4A. In no case was any evidence of or concern for dermal sensitization identified. 
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Given the compound's structure, its broad and extensive use, and what is known about similar 
compounds, the weight of evidence would support that ammonium sulfate is not a sensitizer. 

Ref: 
OECD. 2001. OECD Series on Testing and Assessment. Number 33. Harmonised integrated 
classification system for human health and environmental hazards of chemical substances and 
mixtures. ENV/JM/MON0(2001 )6. 

-2-
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•. 

Study Title 

Nalco 60620 
Acute Toxicity 

Data Requirement 

OPPTS 870.1100 Acute Oral Toxicity 
OPPTS 870.1200 Acute Dermal Toxicity 

OPPTS 870.1300 Acute Inhalation Toxicity 
OPPTS 870.2400 Eye Irritation 
OPPTS 870.2500 Skin Irritation 

OPPTS 870.2600 Skin Sensitization 

Author 

E.A. Brown, Ph.D. 
Steptoe & Johnson, LLC 

1330 Connecticut A venue, NW 
Washington, DC 20036 

Sponsor 

Nalco Company 
1601 West Diehl 

Naperville, rL 60563 

Study Completion Date 
December20, 2010 

Total pages: 5 

' 483408-06 
NalcoCo. 

N2010-AT. page 1 
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NalcoCo. 
N20l0-AT. page2 

Statement of Data Confidentiality 

No information is claimed confidential on the basis of its falling with in the scope of FIFRA 
§IO(d)(l)(A), (B), or(C). 

Company: Nalco Company 

Submitter Name: Juliana Mann 
Steptoe & Johnson, LLP 
Authorized Agent for Nalco Company 

Signed: 
Date: 

~L,p_~ 
/2.12o !il.0/0 

r ' 
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NalcoCo. 
N2010-AT. page 3 

Good Laboratory Practices Statement 

This paper, titled ''Nalco 60620: Acute Toxicity" is a discussion and presentation of information. No 
data are being submitted that are subject to Good Laboratory Practice Standards (40 CFR Part 160). 

Author: 

-;~;p~=·=-:-::cd,._u..:-:-;;-=-:'1&...:-;;;:~-,;-------- Date' 
Elizabeth Anne Brown, Ph.D. 
Steptoe & Johnson, llP 

Submittero ~&a.~ 
Iiana Mann 

Steptoe & Johnson, LLP 

Date: 

Sponsor: iVw~tJ ~ Date' ~L?i~n~da~F~M~e~~~~-----------------

Nalco Company 

12-20-2010 
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.. 

Nalco Co. 
N20l0-AT. page 4 

Agency policy, as stated in OPPTS 870.1000, strongly recommends reliance upon data from similar 
products, wherever available, in order to minimize the need for animal testing for acute effects. In 
such cases, classification is extrapoliated from the already-tested product. The reliance upon existing 
data also is a strongly recommended approach for hazard classification on an international basis 
(OECD 2001). 

The purpose of this paper is to support reliance upon existing data for the hazard classification of 
Nalco 60620, containing 20% ammonium sulfate (CAS RN 7783-20-2). The hazard classification for 
Nalco 60620 can be determined based on published literature and prior evaluations of this compound 
by various agencies. 

Nalco 60620 is ammonium sulfate in an aqueous solution. The components dissociate in aqueous 
solution but the compound also can be produced in the anhydrous form. 

o o-
~/ 

s 
~' o o· 

US EPA has grouped the salts of mineral acids with the mineral acids in its assessment of these 
compounds for use as inert ingredients for the purposes of tolerance reassessment (see OPP-2002-
0162.0170). In addition, additional information on ammonium sulfate, which also is a well-known 
fertilizer compound, can be used to establish the hazard classification for Nalco 60620. 

OECD provides the following acute toxicity infonnation: 
In aqueous media, ammonium sulfate dissociates in the ammonium and sulfate ions (NH4 +, 
S04 2-). These can be taken up into the body by the oral and respiratory routes. Absorbed 
ammonium is transported to the liver and there metabolised to urea and excreted via the 
kidneys. Ammonium is also an endogenous substance that serves a major role in the 
maintenance of the acid-base balance. Minor amounts of ammonium nitrogen are 
incorporated in the physiological N-pool. Sulfate is a normal intermediate in the metabolism 
of endogenous sulfur compounds, and is excreted unchanged or in conjugated form in urine. 

Ammonium sulfate is of relatively low acute toxicity (LD50, oral, rat: 2000.4250 mglkg bw; 
LD50 dennal, rat/mouse > 2000 mgfkg bw; 8-h LC50, inhalation, rat > I 000 mgfm3). 
Clinical signs after oral exposure included staggering, prostration, apathy, and laboured and 
irregular breathing immediately after dosing at doses near to or exceeding the LD50 value. In 
humans. inhalation exposure to 0.1 - 0.5 mg ammonium sulfate/m3 aerosol for two to four 
hours produced no pulmonary effects. At l mg ammonium sulfate/m3 very slight pulmonary 
effects in the form of a decrease in expiratory flow, in pulmonary flow resistance and 
dynamic lung compliance were found in healthy volunteers after acute exposure. 

Neat ammonium sulfate was not irritating to the skin and eyes of rabbits. There is no data on 
sensitisation available. 
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NalcoCo. 
N2010-AT. page 5 

The above information is consistent with EP A/OPP conclusions in its tolerance reassessment decision 
for ammonium sulfate used as an inert ingredient in pesticide formulations. Nalco 60620 should be 
classified overall as Toxicity Category ill. 

OPPTS 870.1100 Acute Oral Toxicity 

On the basis of the published literature and EPA/OPP assessments, Nalco 60620 should be classified 
as Toxicity Category III for acute oral toxicity. 

OPPTS 870.1200 Acute Dermal Toxicity 

On the basis of the published literature and EPA/OPP assessments, Nalco 60620 should be classified 
as Toxicity Category III for acute dermal toxicity. 

OPPTS 870.1300 Acute lnhalationToxicity 

On the basis of the published literature and EPA/OPP assessments, Nalco 60620 should be classified 
as Toxicity Category IV for acute inhalation toxicity. 

OPPTS 870.2400 Eye Irritation 

On the basis of the published literature and EPNOPP assessments, Nalco 60620 should be classified 
as Toxicity Category IV for eye irritation. 

OPPTS 870.2500 Dermal Irritation 

On the basis of the published literature and EPA/OPP assessments, Nalco 60620 should be classified 
as Toxicity Category IV for dennal irritation. 

OPPTS 870.2600 Skin Sensitization 

While there is no specific data to evaluate skin sensitization, there is no evidence in wide and long 
term use of this specific compound for multiple purposes, including as a fertilizer, of any evidence of 
sensitization. Further, neither ammonia nor sulfuric acid are considered to be sensitizers. As these 
are the only components in Nalco 60620, as dissociated ammonium sulfate in aqueous solution, there 
is no reason to assume any change. As such, Nalco requests that Nalco 60620 be classified as a 
nonsensitiver and a waiver granted from conducting a specific test. 

References: 

OECD. 2001. OECD Series on Testing and Assessment Number 33. Harmonised integrated 
classification system for human health and environmental hazards of chemical substances and 
mixtures. ENV /JMIMON0(200 I )6. 

OECD. 2006. SIDS Initial Assessment Report. Ammonium Sulfate. UNEP Publications. 
http://www.inchem.org/documentsfsidsfsids/7783202.pdf (viewed on I '2120/20 I 0) 
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History: 

RE: Additional information sent in for review for Nalco 
Mann, Juliana to: Tracy Lantz 

This message has been replied to. 

04/25/2011 03:59PM 

Yes, it went in Friday. 
confirmed receipt. She 
the 86-5 review. 

I spoke with Theresa Downs this morning and she 
estimated that it would take about a week to complete 

JUli 

-----Original Message-----
From: Lantz.Tracy®epamail.epa.gov [mailto:Lantz.Tracy@epamail.epa.gov] 
Sent: Monday, April 25, 2011 3:57 PM 
To: Mann, Juliana 
Subject: Fw: Additional information sent in for review for Nalco 

Has this information been sent to the Agency? 
(Embedded image moved to file: pic07288.jpg) 

Forwarded by Tracy Lantz/DC/USEPA/US on 04/25/2011 03:55PM-----

From: 
To: 
cc: 
Date: 
Subject: 

Tracy Lantz/DC/USEPA/US 
"Mann, Juliana" <JMann@steptoe.com;:. 
Velma Noble/DC/USEPA/US@EPA 
04/18/2011 08:09 PM 

Additional information sent in for review for Nalco 

Dennis Edwards has indicated to me that two packages were delivered to the 
Agency on Friday for review in conjunction with the Nalco applications. 
Dennis has also indicated to me that the information in the first package 
needs to be reformatted as per PR Notice 86-5 and submitted again so that an 
MRID can be assigned. Please send in this revised information as soon a 
possible. 

Thanks, 
(Embedded image moved to file: pic02382.jpg) 
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RE: Acute Tox data citations for 1706-EUN Ammonium Sulfate 
Mann, Juliana to: Tracy Lantz 04/25/2011 01:59PM 
Cc: Dennis Edwards, Melba Morrow 

3 attachments 

OECD.SIDS Initial AssessmentAmmonium sulfate.pdf0ECD.2001.ENV _JM_MON0(2001 )6.pdf 

~· !_: 
EPA Mineral Acids Tolerance Reasess_OPP02-0162-0170.pdf 

Tracy, 

Please find attached the OECD SIDS Initial Assessment on Ammonium Sulfate. We 
referenced this document and discussed it in the acute toxicity document 
submitted with the registration package. The document was assigned MRID 
number 483408-05. 

I have also attached the IIFG Tolerance Reassessment Decision Document for 
Mineral Acids and their Salts on which we are also relying. 

I have also attached a second OECD document that was referenced in the acute 
toxicity document, HARMONISED INTEGRATED CLASSIFICATION SYSTEM FOR HUMAN 
HEALTH AND ENVIRONMENTAL HAZARDS OF CHEMICAL SUBSTANCES AND MIXTURES. 

I believe this will satisfy any outstanding issues. If you have any questions 
are require additional information please give me call at 202-429-3095 or 
email me. 

Thank you, 
Juli 

Juli Mann I Regulatory Analyst I Steptoe & Johnson LLP 11330 Connecticut 
Avenue, NW I Washington, DC 20036-1795 I Phone: 202-429-3095 I Fax: 
202-429-3902 I jmann@steptoe.com 

This email may contain information that is privileged, confidential, or 
otherwise protected from disclosure. If you have received this email in error, 
do not copy, distribute, save or otherwise use. Please notify the sender 
immediately at jmann@steptoe.com. 

-----Original Message-----
From: Lantz.Tracy@epamail.epa.gov [mailto:Lantz.Tracy@epamail.epa.gov) 
Sent: Monday, April 25, 2011 10:08 AM 
To: Mann, Juliana 
Cc: Edwards.Dennis@epamail.epa.gov; Morrow.Melba@epamail.epa.gov 
Subject: Acute Tax data citations for 1706-EUN Ammonium Sulfate 

We need some additional data citations for ammonia or ammonium sulfate. 

Since you have indicated that you do not intend to compensate Buckman for 
their data, other citations are needed which can support the acute toxicity 
for this product. 
You may provide specific citations from open literature or cite specific 
studies by MRID. If you do not own the studies which have received an MRID 
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you may provide a permission letter for the citation or you may offer to 
compensate the company who owns the data. 
Are there any OECD citations for either ammonia or ammonium sulfate? If so, 
please provide details to the Agency. 

Please provide this information to us as soon as possible so that we can 
finalize the acute tox review for this product. 
Please cc Dennis Edwards and Melba Morrow on your response. 

Thanks 
(Embedded image moved to file: pic29922.jpg) 
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(( 

OECD.2011.f !_JM_MON0(2001)6 

Unclassified ENV/JM/MON0(2001)6 

Organisation de Coop6r11tion et de DCvdoppemcnt Economiqucs 
Organisation for Ecouomic Co-operation and Development 

ENVIRONM&\TT DIRECTORATE 
JOINT MEETING OF THE CHEMICALS COMMITTEE AND 
THE WORKING PARTY ON CHEMICALS, PESTICIDES AND BIOTECHNOLOGY 

Cancels & replaces the same dowment of 14 August2001 

OECD SERIES ON TESTING AND ASSESSMENT 
Number 33 

14~Aug-2001 

English text only 

HARMONISED U.\'TEGRATED CLASSIFICATION SYSTEM FOR HUMAN HEALTH AND 
ENVIRONMENTAL HAZARDS OF CHEMICAL SUBSTA.t"'{CES AND MIXTURES 

JT00111570 

Document mmplet di>punible sur OLIS dan.,'"" fonnat d'origine 
Complete d<><:ument a~oilable on OLISin its original fnrmar 
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ENV/JM/MON0(2001 )6 

2 
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ENV/JM/MON0(200!)6 

OECD (( OCDE 

HARMONISED INTEGRATED 
CLASSIFICATION SYSTEM FOR HUMAN HEALTH 
AND ENVIRONMENTAL HAZARDS OF CHEMICAL 

SUBSTANCES AND MIXTURES 

As endorsed by: 

• the 28th Joint Meeting of the Chemicals Committee and the Working 
Party on Chemicals, November 1998 (Part I; Part II: Chapters 1-7, 
10); 

• the 31" Joint Meeting of the Chenticals Committee and the Working 
Party on Chemicals, Pesticides and Biotechnology, November 2000 
(Part II: Chapters 8-9; Part III: Chapters 1, 2, 4-8); 

• the 32"• Joint Meeting of the Chenticals Committee and the Working 
Party on Chemicals, Pesticides and Biotechnology, June 2001 (Part 
Ill: Chapters 3, 9, Annex 2-3). 

3 
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ENV /JM/MON0(200 1 )6 

Also published in the Series on Testing and Assessment: 

No. I, Guidance Document for the Development of OECD 
Guidelines for Testing q( Chemicals (1993; rf!formcJtted 
1995) 

No.2, Detailed Reviet-v Paper on Biodegradability Testing 
(1995) 

No.3, Guidance Document }Or Aquatic Ejji:!cts 
Assessment (1995) 

No.4, Report of the OECD Workshop on Environmental 
Hazard/Risk Assessment (1995) 

No.5, Repart of the SETAC!OECD Workshop on Avian 
Toxicity Testing (1996) 

No.6, Report of the Final Ring-test of the Daphnia 
magna Reproduction Test (1997) 

No.7, Guidance Doc.wnent on Direct 
Phototransformation of Chemicals in Water (1997) 

No.8, Report of the OECD Workshop on Sharing 
il?(ormatlon about New lfldustrial Chemicals Assessment 
(1997) 

No.9, Guidance Documentfor the Conduct ojSllldies of 
Occupational Exposure to Pesticides During Agricullllral 
Application (1997) 

No. 10, Report ~( the OECD Workshop on Statistical 
Analysis of Aquatic Toxicity Data (1998) 

No. ll, Detailed Review Paper on Aquatic Testing 
Method~ for Pesticides and industrial Chemicals (1998) 

No. 12, Detailed Re1.:iew Documeut on Classification 
Systems for Germ Cell Mutagenicity in OECD Member 
Countries (1998) 

No. l3, Detailed Review Document on Classification 
Systems for Sensitising St1bstances ifl OECD Member 
Countries 1998) 

No. 14, Detailed Review DoCllment on Classification 
Systems for Eye Irritation/Corrosion in OECD Member 
Countries (1998) 

4 
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ENVIJMIMON0(2001)6 

No. 15, Detailed Review Document on Class[fication 
Systems for Reproductive Toxicity in OECD Member 
Countries (1998) 

No. 16, Detailed Review Document on C!ass(fication 
Systems for Skin Irritation/Corrosion in OECD Member 
Countries(l998) 

No. 17, Environmental Exposure Assessment Strategies 
for Existing Industrial Chemicals in OECD Member 
Countries {!999) 

No. 18, Report of the OECD Workshop on Improving the 
Use ~f Monitoring Data in the Exposure Assessment of 
industrial Chemicals (2000) 

No. 19, Draft Guidance Document on the Recognition, 
Assessment and Use of Clinical Signs as Humane 
Endpoints for Experimental Animals used in Safety 
Evaluation (1999) 

No. 20, Revised Drofi Guidance Document for 
Neurotoxicity Testing (in preparation) 

No. 21, Detailed Review Paper: Appraisal of Test 
Methods For Sex Hormone Disrnpting Chemicals (2000) 

No. 22, Guidance Document far the Pe!formance o.fOut­
doar Monolith Lysimeter Studiey (2000) 

No. 23, Guidance Document on Aquatic Toxicity Testing 
ofD{{fir_7l/t Substances and Mixtures (2000) 

No. 24, Guidance Document on Acute Oral Toxicity 
Testhtg(200J) 

No. 25, Detailed Review Document on Hazard 
Class{/ication Systems for Specifics Target Organ 
Systemic Toxicity Repeated Exposure in OECD Member 
Countries (2001) 

No. 26, Revised Analysis of Responses Received jl-ttm 
Member COJmtries to the Que.~timmaire on Regulato1y 
Acute Toxicity Data Need~ (2001) 

No 27, Guidance Document Ou The Use Of The 
Harmonised System For The Classification Of Chemical~ 
Which Are Hazardous For The Aq11atic Environment 
(2001} 

5 
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ENV/JM/MON0(2001)6 

No 28, Guidance Document for the Condnct of Skin 
Absorption Studies (in preparation) 

No 29, Draft Guidance Dowment 
Transformation/Dissolution of Metals and 
Compound~ in Aqueous Media (2001) 

on 
Metal 

No 30, Derailed Review Document on Hazard 
Classification Systems JOr Mwures (2001) 

No 31, Detailed Review Paper on Non-Genotoxic 
Carcinogens Detection: The Peiformance of In-Vitro Ce!l 
Transfonnation Assays( draft) 

No. 32, Guidance Notes for Analysis and Evaluation of 
Repeat-Dose Toxicity Studies (2000) 

6 
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ENVIJMIMON0(2001)6 

About the OECD 

The Organisation for Economic Co-operation and Development (OECD) is an 
intergovernmental organisation in which representatives of 29 industrialised cotmtrics in North 
America, Europe and the Pacific, as well as the European Commission, meet to co-ordinate and 
hannonisc policies, discuss issues of mutual concern, and work together to respond to international 
problems. Most of the OECD's work is carried out by more than 200 specialised Conunittces and 
subsidiary groups composed of Member country delegates. Observers from several countries with 
special status at the OECD, and from interested intemational organisations, attend many of the 
OECD's Workshops and other meetings. Committees and subsidiary groups arc served by the 
OECD Secretariat, located in Paris, France, which is organised into Directorates and Divisions. 

The work of the OECD related to chemical safety is carried out in the Environment, 
Health and Safety Programme. As part of its work on chemical testing, the OECD has issued 
several Council Decisions and Recommendations (the former legally binding on Member countries), 
as wcU as numerous Guidance Documents and technical reports. The best known of these 
pub!icatioltS, the OECD Test Guidelines, is a collection of methods used to assess the hazards of 
chemicals and of chemical preparations. These methods cover tests for physical and chemical 
properties, effects on human health and wildlife, and accumulation and degradation in the 
environment. The OECD Test Guidelines are recognised world-wide as the standard reference tool 
for chemica! testing. 

More information about the Environment, Health and Safety Programme and its 
publications (including the Test Guidelines) is available on the OECD's World Wide Web site (see 
page 8). 

The Environment, Health and Safety Programme co-operates closely with other 
international organisations. This document was produced within the framework of the Inter­
Organisation Programme for the Sound Management of Chemicals (IOMC). 

The Inter-Organization Programme for the Sound Management of Chemicals 
(IOMC) was established in 1995 by UNEP, ILO, FAO, WHO, UNIDO and the 
OECD (the Participating Organisations), following recommendations made by the 
1992 UN Conference on Environment and Development to strengthen co-operation 
and increase international co-ordination in the field of chemical safety. UNITAR 
joined the IOMC in 1997 to become the seventh Participating Organisation. The 
purpose of the IOMC is to promote co-ordination of the policies and activities 
pursued by the Participating Organisations, jointly or separately, to achieve the 
sound management of chemicals in relation to human health and the environment. 

7 
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ENVIJM/MON0(2001)6 

This publication is available electronically, at no charge. 

For the complete text of this and many other Environment, 
Health and Safety publications, consult the OECD's 

World Wide Web site (http://www.oecd.org/ehsl) 

or contact: 

OECD Environment Directorate, 
Environment, Health and Safety Division 

2 rue Andre-Pascal 
75775 Paris Cedex 16 

France 

Fax: (33-1) 45 24 16 75 

E-mail: ehscont@oecd.org 

8 
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Chapter 1.1: 

INTRODUCTIO~ . 

1. The production and use of chemicals is fundamental in the economic development of all 
countries and, at the same time, it may pose a risk to the health and well-being of all people and the 
environment if not managed in a responsible mallller. The primary objective of hazard classification 
and communication systems is to provide information to protect human health and the environment. 

2. One essential step leading to the safe use of chemicals is the identification of the specific 
hazards and the organisation ofthat information so that it can be conveyed to users of chemicals in a 
fonn that is easy to understand. Measures can then be taken to avoid or manage potential risks in 
circumstances where exposure may occur. This is the fundamental rationale behind the hazard 
classification and labelling of chemicals. It has traditionally led at the national level to sector­
specific regulations (transport, industry, environment, health, agriculture, consumer products, 
occupational health). Because of differences in use and exposure, hazard classification systems 
usually vary between sectors. In some cases, there is little or no consistency within sectors between 
different coulltries. 

3. In 1952, the International Labor Office (ILO) began a study of the classification and 
labelling of dangerous substances which led in 1989 to a Resolution considering the hannonisation 
of systems of classification and labelling for the use of hazardous chemicals at work. 

4. In 1953, the UN Economic and Social Council created the UN Committee ofExpe1ts on 
the Transport of Dangerous Goods (UNCETDG) charged with developing recommendations 
addressed to governments and international organisations concerned with the regulation of the 
transportation of dangerous goods; amongst other aspects, these recommendations cover the 
principles of classification and definitions of the categories of dangerous goods. In 1956, the 
UNCETDG first published its UN Reconunendations on Transport of Dangerous Goods 
(UNRTDG) which were recently modified (1999) for the eleventh time. The UNRTDG are now 
included iu the transport legislation of many UN states and they are used by the International 
Maritime Organisation (lMO), the International Civil Aviation Organisation (ICAO) and other 
international bodies covering transport modes. Thus land-sea-air transp01t is the only sector where 
harmonisation of hazard classification and labelling has been to a large degree achieved. 

5. The UN Conference on Environment and Developn1ent (UNCED) in 1992 identified the 
harmonisation of classification and labelling of chemicals as one of six action programs in Chapter 
XIX of UNCED Agenda 21. Its objective was: "a globally harmonised hazard classification and 
compatible labelling system (GHS) including material safety data sheets and easily understandable 
symbols, should be available, if feasible, by the year 2000." It was recognised that, while a 
harmonised classification system might be feasible, hannonised labelling may or may not be 
appropriate or possible across all sectors, but that compatibility of labelling systems might be 
achievable. 

6. UNCED identified the International Program on Chemical Safety (IPCS) as the nucleus 
for international co-operation on Chapter XIX activities. Under the umbrella of IPCS a Co­
ordinating Group for the Hrumonisation of Chemical Classification Systems (CG!HCCS) was 
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established to promote and oversee the work to develop a GHS. Later, the oversight of the work of 
the CG/HCCS was provided by the broader Inter Organisational Programme for the Sound 
Management of Chemicals~ lOMC. As expressed in the CG/HCCS Te~ms of Reference, the goals 
of international hannonisation are to: 

enhance the protection of people and the environment by providing an 
intemationa!ly comprehensible system for llazard communication; 

provide a recognised framework for those countries without an existing system; 

reduce the need for testing and evaluation of chemicals; 

facilitate international trade in chemicals whose hazards have been properly 
assessed and identified on au intemational basis. 

13 
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Chapter 1.2: 

QRGAl'!ISATlONAL CONIEXT FOR DEVELOPMENT OF THE GHS 
. . . ·. •. ·. . 

7. The first priority of the CG/HCCS was the development of a harmonised classification 
system defining the hazards of various endpoints of concern. The Organisation for Economic Co­
operation and Development (OECD) was identified as the Focal Point for work on human health 
and environmental hazards, ILO/UNCETDG as the Focal Point for work on physical hazards, and 
JLO as the Focal Point for work on Hazard Communication. The CG/HCCS would integrate the 
harmonised classification scheme with a hmmonised hazard communication system to give an 
overall Globally Harmoniscd Classification and labelling System (GI·IS). 

The OECD Advisory Group on Harmonisation of Classification and Labelling (AG-HCL) 

8. The AG-HCL was formally established in 1994 by the Joint Meeting of the OECD 
Chemicals Group and Management Committee to develop proposals for a harmonised classification 
system for the hazards of chemicals to human health and the environment. It based its work on the 
initial efforts of an OECD Clearing House (1991-1993) on the Acute Human Toxicity and on the 
Acute Aquatic Toxicity of chemicals. 

9. In its work the AG-HCL followed a set of general principles developed by the 
IOMC-GG/HCCS for the work on harmonisation of the hazard classification of chemicals, that 
specifically: 

a) the level of protection offered to workers, consumers, the general public and the 
environment should not be reduced as a result of harmonising the classification and 
labelling systems; 

b) the hazard classification process refers only to the hazards arising from the intrinsic 
properties of chemical elements and compounds, and mixtures thereof, whether natural 
or synthetic; 

c) harmonisation means establishing a conunon and coherent basis for chemical hazard 
classification and communication, from which the appropriate clements relevant to 
means of transport, consumer, worker and environment protection can be selected; 

d) the scope of harmonisation includes both hazard classification criteria and hazard 
communication tools, e.g. labelling and chemical safCty data sheets; 

e) changes in all existing systems will be required to achieve a single globally 
harmonised system; transitional measures should be included in the process of moving 
to the new system; 

f) the involvement of concerned international organisations of employers, workers, 
consumers, and other relevant organisations in the process of harmonisation should be 
ensured; 

g) the comprehension of chemical hazard information, by the target audience, e.g. 
workers, consumers and the general public, should be addressed; 
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h) test data already generated for the classification of chemicals under the extstmg 
systems, should be accepted when reclassifYing these chemicals under the harmonised 
system; 

i) a new harmoniscd classification system may require adaptation of existing methods 
for testing of chemicals; 

j) ;n rel,don to ohemkal bawd communkadon and the safety and health of wmkers, 
consumers and the public in general should be ensured while protecting confidential 
business information, as prescribed by the competent authorities. 

10. The work of the AG-HCL was generally of three related kinds: 

a) Comparison of the major classification systems, identification of similar or identical 
clements and, for the clements which were dissimilar, development of a consensus on 
a compromise; 

b) Examination of the sc'tentiflc basis for the criteria which dcfmc the end-point of 
concern, gaining expert consensus on the test methods, data interpretation and level of 
concern, and then seeking consensus on the criteria. For some end-points, the existhtg 
schemes had no criteria and the relevant criteria were developed by the AG-HCL; 

c) Where there was a decision-tree approach (e.g. irritation) or where there were 
dependent criteria in the classification scheme (acute aquatic toxicity), development of 
consensus on the process or the scheme for using the criteria. 

ll. The AG-HCL proceeded stepwise in developing its harmonised classification criteria. For 
each end-point the following steps were undertaken: 

Step l: 

A thorough analysis of existing classification systems, including the scientific basis for the 
system and its criteria, its ratiouale and explanation of the mode of use. A Step I 
document was prepared for a number of endpoints, as appropriate, and amended as 
necessary after discussion by AG-HCL. 

Step 2: 

A proposal for a hatmoniscd classification system and criteria for each category was 
developed. A Step 2 document was prepared and amended as necessary after discussion 
byAG-HCL 

Step 3: 

(a) AG-HCL reached consensus on the revised Step 2 proposal; or 

(b) After attempts at consensus building failed, the specific non-consensus items 

were identified as alternatives in a revised Step 2 proposal. 

Step 4: 

Final proposal was submitted to the OECD Joint Meeting for approval and wbscqucntly to 
the IOMC CG-HCCS for global implementation. 

12. As experience with the usc of the system is accumulated, and as new scientific information 
emerges, the test methods, the interpretation of the test data and the hannoniscd criteria per se may 
have to be updated. Thus, international work will colltinue to be needed in the future and, 
depending on the nature of the future international instrument for the implementation of the GHS, 
decisions will have to be made on the mechanism for canying out the updating work in the future. 

15 
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chapter 13: 

GENERAL CONSIDERATIONS 

Scope of the Harmonised Classification System 

\3. The work on harmonisation of hazard classification and labelling focuses on a harmonised 
system for all chemicals and mixtures of chemicals. The application of the components of the 
system may vary by type of product or stage ofthe life cycle. 

14. The classification system applies to pure chemical substances, their dilute solutions and to 
mixtures of c!Jemica\ substances. However, since special considerations arc needed to classify 
mixtures, a separate OECD Expert Group on Classification Criteria for Mixtures has addressed 
hmmonisation in this area. 

15. One objective of the hannoniscd hazard classification system is for it to be simple and 
transparent with a clear distinction between categories in order to allow for "self classification" as 
far as possible. For many end-points the criteria are semi-quantitative or qualitative and expert 
jud~ment is required to interpret the data for classification purposes. Furthermore, for some 
end-points, e.g. eye initation, a decision tree approach is given as an example. 

Presentation of Criteria 

16. The cuuent criteria for specific endpoints arc presented as a series of chapters in this 
paper. These chapters include a number of sections all of which arc relevant to classification 
decisions. Some chapters also have an Appendix which, unless clearly indicated to the contrary, are 
not part of the criteria and should be regarded as background infom1ation only. For one endpoint 
(hazardOllS for the aquatic environment) a separate Guidance Document is considered essential for a 
good understanding and use of tile system. 

Test Methods and Test Data Quality 

17. The classification of a chemical substance depend<; both on the criteria and on the 
reliability of the test methods underpinning the criteria. In some cases the classification is 
determined by a pass or fail of a specific test, e.g. the ready biodegradation test, while in other ea<;es, 
interpretations arc made from dose/response curves and observations during testing. In all cases, the 
test conditions need to be standardised so that the results are reproducible with a given chemical 
substance and the standardised test yields "valid" data for defining the end-point o(conccm. In this 
context, validation is the process by which the reliability and the relevance of a procedure arc 
established for a patticular purpose. 

18. Test~ that dctcnnine hazardous properties which arc conducted according to 
internationally recognised scientific principles ean be used for pnrposcs of a hazard determination 
for health and environmental hazards. The GHS criteria for determining health and environmental 
hazards should be test method neutral, allowing different approaches as long as they are 
scientifically sound and validated according to international procedures and criteria already referred 
to in existing systems for the endpoint of concern and produce mutually acceptable data. 

16 
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Previously Classified Chemicals 

19. One of the general principles established by the IOMC-CG-HCCS states that test data 
already genemted for the classification of chemicals under the existing systems should be accepted 
when classif)ring these chemicals under the harmonised system thereby avoiding duplicative testing 
and the unnecessary use of test animals. This policy has important implications in those cases 
where the criteria in the GHS are different from those in an existing system. In some cases, it may 
be difficult to detennine the quality of existing data from older studies. In such cases, expert 
judgement will needed. 

Substances Posing Special Problems 

20. The effect of a substance on biological and environmental systems is influenced, inter alia, 
by the physico chemical properties of the substance and the way in which it is biologically available. 
Some groups of substances present special problems in this respect, for example some polymers and 
metals. 

Animal Welfare 

21. The welfare of experimental animals is a concern. This ethical concem includes not only 
the alleviation of stress and suffering but also, in some countries, the use aud consumption per se of 
test animals. Where possible and appropriate, tests and experiments that do not require the use of 
live animals are preferred to those using sentient live experimental animals. To that end, for certain 
end-points (skin and eye initation/corrosion) testing schemes starting with non-animal 
observation/measurements are included as part of the classification system. For other endpoints 
such as acute toxicity, alternative animal tests, using fewer animals or causing less suffering arc 
internationally accepted and should be preferred to the conventional LD50 test. 

Evidence From Humans 

22. For classification purposes, reliable epidemiological data and experience on the effects of 
chemicals on humans (e.g. occupational data, data .fi:om accident data bases) should be taken into 
acco\mt in the evaluation of human health hazards of a chemical. Testing on humans solely for 
hazard identification purposes is generally not acceptable. 

Weight of Evidence 

23. For some hazard endpoints, classification results directly when the data satisfy tl1e criteria. 
For others, classification of a chemical is made on the basis of the total weight of evidence. This 
means that all available infonnation bearing on the determination of toxicity is considered together, 
including the rcsttlts of valid in vitro tests, relevant animal data, and human experience such a<> 
epidemiological and clinical studies and well-documented case reports and observations. 

24. The quality and consistency of the data arc important. Evaluation of substances related to 
the material under smdy should be included, as should site of action and mechanism or mode of 
action study results. Both positive and negative results arc assembled together in a single weight of 
evidence determination. 

25. Positive effects which are consistent with the ctitcria for classification in each chapter, 
whether seen in humans or animals, will nonnally justify classification. Where evidence is available 
from both sources and there is a conflict between the findings, the quality and reliability of the 
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evidence from both sources must be assessed in order to resolve the question for classification. 
Generally, data of good quality aud reliability in humans will have precedence over other data. 
However, even well-designed and conducted epidemiological studies may lack sufficient numbers 
of subjects to detect relatively rare but still significant effects, or to assess potentially confounding 
factors. Positive results from well-conducted animal studies are not necessarily negated by the lack 
of positive human experience but require an assessment of the robustness and quality of both the 
human and animal data relative to the expected frequency of occurrence of effects and the impact of 
potentially confounding factors. 

26. Route of exposure, mechanistic information and metabolism srudies are pertinent to 
determining the relevance of an effect in humans. When such information raises doubt about 
relevance in humans, a lower classification may be warranted. When it is clear that the mechauism 
or mode of action is not relevant to humaus, the substance should not be classified. 

27. Both positive and negative results are assembled together in the weight of evidence 
determination. However, a single positive study performed according to good scientific principles 
and with statistically and biologically significant positive results may justify classification. 

18 
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Chapter 1.4: 

BUILDING BLOCK APPROACH 

28. At various times during the development of harmonised classification criteria, concerns 
have arisen concerning the way a harmonised classification system might be used and whether it 
would meet the ueeds of its various end-users. 

29. One of the consequences of the application of the classification system is expressed in the 
!OMC CG/HCCS General Principle (c): 

"hannonisation means establishing a common and coherent basis for chemical hazard 
classification and conmmnication, from which the appropriate elements relevant to means 
oftranspo!t, consumer, worker and environment protection can be selected." 

30. Iu the following chapters, sufficient sub-categories have been included under some 
endpoints to accommodate ilic fundamental needs of the existing systems. The application of the 
classification scheme may vary according to the circumstances, type of product and stage of the life 
cycle of the chemical. 

31. It is essential that the cut-offs be recognised as a fundamental basis for the harmonised 
classification system. The use of different cut-offs for any use ofthe classification system would be 
contrary to harmonisation. 

!9 
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PA!l.T2; · 

HARMONISEDH~ARD CLASSIFICAriONSYSTEM fOil. .. •· .. · 
CHEMICAC.SUBSTANCES 
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__ -- __ Chapter 2.1:' 

HARl\iONISED SYSTEM FOR T.HE CLASSIFICATION OF ~HEMICALS 
WHICH CAUSE ACUTE TOXICITY 

PURPOSE, BASIS AND APPLICABILITY 

32. The purpose of this docmncnt is to present a ham10niscd system of classification for acute 
toxicity by the oral, dennal, and inhalation routes to be used intcmationally. 

33. The basis for the hrumonised criteria arc those which arc currently in usc in OECD 
countries as well as those recommended by the United National Committee of Experts on the 
Transport of Dangerous Goods (UNCETDG). Elements from these sources have been integrated so 
as a to maintain a high level of protection under a globally harmoniscd system of classification. 

34. The classification scheme inch1ded clements that will be used by all authorities as well as 
other categories that will OC applied only by some (e.g. transport). 

CLASSIFICATION CLASSES 

35. Chemicals can be allocated to one of five toxicity categories based on acute toxicity by the 
oral, derma! or inhalation route according to the numeric criteria expressed as (approximate) LD50 
(oral, dermal) or LC50 (inhalation) values are shown in the table below. Explanatory notes are 
shown in italics following the table. 

Table l: Acute toxicity hazard categories and {approximate) LDSOILCSO 
values defining the respective categories. 

Category Category Category Category Category 5 
I 2 3 4 

Oml (mglkg) 5 50 300 2000 5000 
See detailed criteria 

Dermal (mg/kg) 50 200 1000 2000 

Gases (ppm) 100 500 2500 5000 

see: Note a 
Vapours (mg/1) 0.5 2.0 10 20 
see: Note a 

Noteb 
Notec 

Dusts and Mists (mg/1) 0.05 0.5 1.0 5 
see: Note a 

Noted 
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Notes: 

a: Inhalation cut-off values in the table are based on 4 hour testing exposures. Conversion of 
existing inhalation toxicity data which has been generated according ta 1 hour exposures 
should be by dividing by aji:lctor of2for gases andvapour.r and 4 for dusts and mists. 

b: It is recognised that saturated vapour concentration may be used as an additional element by 
some regula/my systems to provide for specific health and sqfety protection. (e.g. UN 
Recommendations/or the Transport of Dangeronr GoodJ). 

c: For some dtemica/.5 the te..;•t atmosphere will not just be a vapour but will consist of a 
mixture of liquid and vapour phases. For other chemicals the test atmoiphere may consist of 
a vapour which is near the gaseon<: phase. In these latter cases, cla.rsijication should be 
based on ppm asfollolvs: Categm}' 1 {100 ppmj, Categmy 2 (500 ppm), Category 3 (2500 
ppm), Category 4 (5000 ppm). Work in the OECD Test Guidelines Programme should be 
undertaken to better define the tenm "dusts", "mists" and "vapours" in relation to 
inhalation toxicity testing. 

d· The values .for dusts and mists should be reviewed to adapt to any future changes to OECD 
Test Guidelines With re.rpect 10 technical limitation in generating, maintaining and 
measuring dust and mL~t concentrations in re~pirableform. 

CRITERIA FOR CATEGORY 5 

36. Criteria for Category 5 are intended to enable the identification of substances which are of 
relatively low acute toxicity hazard but which, under certain circumstances may present a danger to 
vulnerable populations. These substances are anticipated to have an oral or dermal LD50 in the 
range of2000·5000 mglkg or equivalent doses for other routes. 

37. The specific criteria for Category 5 arc: 

a) The substance is classified in this category if reliable evidence is already available that 
indicates the LD50 or (LC50) to be in the range of Category 5 values or other animal 
studies or toxic effects in hu111ans indicate a concern for human ]1calth or an acute nature. 

b) The substance is classified in this category, through extrapolation, estimation or 
measurement of data, if assignment to a more hazardous category is not wan-anted, and : 

reliable information is available indicating significant toxic effects in humans; or 
any mortality is observed when tested up to Category 4 values by the oral, 
inhalation, or dermal routes; or 
where expcttjudgcrnent confirms significant clinical signs of toxicity, when tested 
up to Category 4 values, except for diarrhoea, piloerection or an ungroomed 
appearance, or 
where expert judgement confirms reliable information indicating the potential for 
significant acute cffbcts from other animal studies. 

38. Recognising the uced to protect animal welfare, testing in animals in Category 5 ranges is 
discouraged and should only be considered wl1cn there is a strong likelihood that results of such a 
test wo\lld have a direct relevance for protecting human health. 
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RATIONALE FOR THE PROPOSED SYSTEM 

General considerations 

39. The harmouiscd classification system for acute toxicity has been developed in such a way 
as to accommodate the needs of existing systems. A basic principle set by the IOMC CG/HCCS is 
that JJhannonisation means establishing a common and coherent basis for chemical hazard 
classification and communication from which the appropriate elements relevant to means of 
transport, consumer, worker and environment protection can be selected." To that end, five 
categories have been included in the acute toxicity scheme. 

40. The preferred test species for evaluation of acute toxicity by the oral and inhalation routes 
is the rat, while the rat or rabbit arc preferred for evaluation of acute dermal toxicity. As noted by 
the CG/HCCS, "Test data already generated for the classification of chemicals under existing 
systems should be accepted when reclassifying these chemicals under the harmonised system." 
When experimental data for acute toxicity are available in several animal species, scientific 
judgement should be used in selecting the most appropriate LD50 value from among valid, well­
performed tests. 

41. Category I, the highest toxicity category, has cut off values of 5 mglkg by the oral route, 
50 rug/kg by the dcnnal route, 100 ppm for gases or gaseous vapours, 0.5 mg/1 for vapours, and 0.05 
mg/1 for dust~ and mists. These toxicity values arc currently used primarily by the transport sector 
for classification for packing groups. 

42. Category 5 is for chemicals which arc of relatively low acute toxicity but which, under 
certain circumstances, may pose a hazard to especially vulnerable populations. Criteria for 
identifying substances in Category 5 are provided in addition to the table. These substances are 
anticipated to have au oral or dcntlal LD50 value in the range 2000 - 5000 mg/kg or equivalent 
doses for other routes of exposure. In light of animal welfare considerations, testing in animals in 
Category 5 ranges is discouraged and should only be considered when there is a strong likelihood 
that results of such testing would have a direct relevance for protecting human health. 

Special considerations for inhalation toxicity 

43. Values for inhalation toxicity are based on 4 hour tests in laboratory animals. When 
experimental values arc taken from tests using a I hour exposure, they can be converted to a 4 hour 
equivalent by dividing the 1 hour value by a factor of 2 for gases and vapours and 4 for dusts and 
mists. 

44. Units for inhalation toxicity arc a function of the fonn of the inhaled material. Values for 
dusts and mists are expressed in mg/1. Values for gases are expressed in ppm. Acknowledging the 
difficulties in testing vapours, some of which consist of mixtures of liquid and vapours phases, the 
table provides values in units of mg/1. However, for those vapours which arc ncar the gaseous 
phase, classification should be based on ppm. As inhalation test methods arc updated, the OECD 
and other test guideline programs will need to define vapours in relation to mists for greater clarity. 

45. Vapour inhalation values are intended for usc in classification of acute hazard for all 
sectors. It is also recognised that the saturated vapour concentration of a chemical is used by the 
transport sector as an additional clement in classifying chemicals for packing groups. 

46. Of particular importance is the usc of well articulated values in the high toxicity categories 
for dust~ and mists. Inhaled patiicles between 1 and 4 microns mean mass aerodynamic diameter 
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(MMAD) will deposit in all regions of the rat respiratory tract. This particle size range corresponds 
to a maximum dose of about 2 mg/1. In order to achieve applicability of animal experiments to 
human exposure, dusts and mists would ideally be tested in this range in rats. The cut off values in 
the table for dusts and mists allow clear distinctions to be made for materials with a wide range of 
toxicities measured under varying test conditions. The values for dusts and mists should be 
reviewed in the future to adapt to any future changes in OECD or other test guidellnes with respect 
to technical limitations in generating, maintaining, and measuring dust and mist concentrations in 
respirable form. 
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Chapter 2.2: 

HARMONISE!) SYSTEM FOR THE CLASSIFICATION 01! CHEMICALS WHICH 
CAIJSE SKIN IRRIT ATION/COAACJSU:JN .. 

EXECUTIVE SUMMARY 

47. From a comparison of ex1stmg dermal irritation/corrosion classification procedures 
currently in usc, a harmoniscd systcJll was fonuulatcd. It includes an evaluation strategy of existing 
information and specific testing for dermal effects. In developing potential harmouiscd positions for 
dermal irritation/corrosion testing, two objectives have been kept in mind: to defme criteria for both 
corrosion and irritation classification that are in the range of sensitivity of existing systems and to 
have the possibility of subdividing effects into different subcategories for those authorities that need 
them. 

48. A single category is adopted for skin corrosion. Authorities wanting to have up to three 
subcategories may subdivide the single corrosive category. These subcategories are modelled after 
those currently in usc in the United Nations transport authority. 

49. A single category is adopted for skin irritation. The classification procedure draws upon 
those currently employed by the European Union (EU). Erythema/eschar and oedema arc graded 
separately; an animal's mean score fi·om readings over the first three days after exposure must meet 
a defined level to be positive; and at least 2 of 3 tested animals must be positive for the test to be 
positive. Positive responses can also be obtained using other, less common criteria. The proportion 
of test substances expected to be positive by the proposed irritant category is within the range of 
positives among existing classification systems; it is somewhat higher than that of some of the 
current classification systems but below those of other systems. Authorities wanting to have two 
hazard categories can use both irritant and mild irritant categories. 

PURPOSE, BASIS AND APPLICABILITY 

50. The purpose of the document is to present a harmoniscd system of classification for skin 
irritation and corrosion that can be agreed 11pon and utilised iutcmationally. 

51. The hannoniscd classification system grew out of the major systems that arc currently 
employed. It is based on concepts already in effect and docs not deviate significantly from those 
cuncntly in usc. 

52. The hannonised system for classification of skin in·itation and corrosion inchtdc clements 
that are hanuoniscd and will be used by all authorities as well as other categories that will be applied 
by only some authorities (e.g., transpmi, pesticides). 
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CLASSIFICATION CATEGORIES AND CRITERIA 

53. The harmonised system includes guidance for the use of initial considerations, that is those 
data clements that arc evaluated before animal testing for dermal corrosion aud initation is 
undertaken. It also includes hazard categories for corrosion and irritatiou. 

Initial Considerations 

54. Several factors should be considered in determining the corrosion and irritation potential 
of chemicals before testing is undertaken. Existing huntan experience and data including from 
single or repeated exposure and animal observations and data should be the first line of analysis, as 
it gives information directly referable to effects on the skin. In some cases enough information may 
be available from structurally related compounds to make classification decisions. Likewise, pH 
extremes like ~ 2 and ::: 11.5, may indicate dermal effects, especially when buffering capacity is 
known, although the correlation is not perfect Generally, such agents are expected to produce 
significant effects on the skin. It also stands to reason that if a chemical is highly toxic by the 
dermal route, a dermal irritation/corrosion study may not be practicable since the amount of test 
substance to be applied would considerably exceed the toxic dose and, consequently, would result in 
the death of the animals. When observations are made of dennal irritation/corrosion in acute 
toxicity studies and are observed up through the limit dose, additional testing would not be needed, 
provided that the dilutions used and species tested are equivalent. /11 vitro alternatives that have 
been validated and accepted may also be used to help make classification decisions. 

55. All the above information that is available on a chemical should be used in determining 
the need for in vivo dermal irritation testing. Although information might be gained from the 
evaluation of single parameters within a tier (e.g., caustic alkalies with extreme pH should be 
considered as dermal corrosives), there is merit in considering the totality of existing information 
and making an overall weight of evidence determination. This is especially true when there is 
information available on some but not all parameters. Generally, primary emphasis should be 
placed upon existing human experience and data, followed by animal experience and testing data, 
followed by other sources of information, but case-by-case determinations are necessary. 

56. A tiered approach to the evaluation of initial info1mation should be considered, where 
applicable (Figure I), recognising that all elements may not be relevant in certain cases. 

Corrosion 

57. A single hannoniscd corrosion category is adopted using the result~ of animal testing. A 
corrosive is a test material that produces destruction of skin tissue, namely, visible necrosis through 
the epidermis and into the dennis) in 2: I of3 tested animals after exposure up to a 4 hour duration. 
Corrosive reactions are typified by ulcers, bleeding, bloody scabs and, by the end of observation at 
14 days, by discoloration due to blanching of the skin, complete are'!S of alopecia and scars. 
Histopathology should be considered to discern questionable lesions. 
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Figure 1. Tiered testing and evaluation of dermal corrosion and irritation potential 
(see also the "Testing and e'·aluation strategy for eye irritation/corrosion~') 

Parameter 

Existing human or animal 
experience g) .. 

Not corrosiv~or no data 

Existing human or animal 
experience &l .. 

Not irritant +r no data 

Existing human or animal 
experience .. 

No1ta 

Structure-activity 
relationships or structure-
property relationsllips b) .. 
Not corrosive or no data .. 

Structure-activity 
relationships or structure-
property relationships b) .. 

Not irritating or no data .. 
pH with buffering c) .. 

Not pH extreme or no 
data .. 

Existing dermal data in 
animals indicate no need 
for animal testing d) .. 
No indicatio.or no data 

Finding 

_.,. Corrosive 

_.,. Irritant 

Not corrosive or 
_.,. irritant 

__..,_ Corrosive 

_.,. Irritant 

_.,.pH~2or;::ll.5 

_.,_Yes 
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Conclusion 

_.,_ClassifY as corrosive •l 

_.,.Classify as irritant •> 

No further testing -
_.,_ClassifY as corrosive •l 

_.,.Classify as irritant a) 

_.,.Classify as corrosive •l 

_.,.Possibly no further 
testing may be 
deemed corrosive/ 
irritant 
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Figure 1. Tiered testing and evaluation of dermal corrosion and irritation potential 
(see also the "Testing and evaluation strategy for eye irritation/corrosion") 

Step Parameter Finding Conclusion 

5 

6 

7 

8 

9 

Valid and accepted in ____,... Positive -+-Classify as corrosive a) 
vitro dermal corrosion test response ,, 

... 
Negative response or no 

da+ 
Valid and accepted in -----+- Positive -+-Classify as irritant a) 
vitro dermal irritation test response 

' ... 
Negative response or no 

data 

... 
In vivo dermal conosion ____,... Conosivc ----..classify as con·osivc •J 

test (1 animal) 

... 
response 

Negative 1sponse 

In vivo denna! irritation _., Irritant response -----+Classify as irritant al 
test (3 animals total) h) 

... 
Negative response _____.. No further -----+Classify as irritant •J 

... testing 

Wilen it is ethical to _.,_ ltTitant response __.,..Classify as irritant a) 

perform human patch 
testing g) .. 

Not as above ____,... Non-irritant _____..No further testing 
response 

a. Classify in the hannonised category, below. 
b. Structure-activity and structure-property relationships arc presented separately b!lt would be 

conducted in parallel. 
c. Measurement of pH alone may be adequate, but assessment of acid or alkali reserve is 

prefemb!e; methods are needed to assess buffering capacity. 
d. Pre-existing animal data should be carefully reviewed to determine if in vivo dermal 

corrosion/irritation testing is ueeded. As examples, testing may not be needed when a test 
material has not produced any dennal irritation in an acute dermal toxicity test at the limit 
dose, or produces very toxic effects in an acute dcnna! toxicity test. In the latter case, the 
materia! would be classified a.<; being very hazardous by the denna! route for acute toxicity; it 
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is moot whether the material is also irritating or corrosive on the skin. It should be kept in 
mind in evaluating acute dcnnal toxicity information that the reporting of derma! lesions may 
be incomplete, testing and observations may be made on a species other than the rabbit, and 
species may differ in sensitivity in their responses. 

c. Currently there are not yet internationally accepted validated in vitro methods of dermal 
corrosion, but a validation study on several methods has been completed. 

f. Presently there are not yet validated and internationally accepted in vitro test methods for 
dermal irritation. 

g. This evidence could be derived from single or repeated exposures. There is no internationally 
accepted test method for human dermal irritation testing. 

h. Testing is usually conducted in 3 animals, one coming from the negative corrosion test. 

58. For those authorities wanting more than one designation of corrosivity, up to three 
subcategories arc adopted which divide up responses in the corrosive category (Category I, sec 
Table 2): subcategory lA --where responses are noted following up to 3 minutes exposure and up 
to I hour observation; subcategory lB --where responses are described following exposure between 
3 minutes and I hour and observations up to 14 day; and subcategory lC --where responses occur 
after exposures between I hour and 4 hours and observations up to 14 days. 

Table 2. Skin corrosive category and subcategories a) 

Corrosive Potential corrosive Corrosive in.::;: 1 of 3 animals 
categ~.ry_( catcgory_l) subclasses 

(applies to authorities (only applies to some Exposure observation 
not using authorities) 
subcategories) 

corrosive corrosive subcategory .;;; 3 minutes .;;; I hour 
lA 

corrosive subcategory > 3 111inutcs - .;;; I .;;; 14 days 
IB how-

con"Osive subcategory > I hour --.;;; 4 hours .;;; 14 days 
IC 

a). In case human data are considered, the use of human data is discussed in Part 
I, Chapter 1.3: "General Considerations". 

Irritation 

59. A single irritant category is adopted that (a) is centrist in sensitivity among existing 
classifications, (b) recognises that some test materials may lead to effects which persist throughout 
the length of the test, and (c) acknowledges that animal responses in a test may be quite variable. 
The current EU 3-animal classification system is modified to generate the proposed position. An 
additional mild irritant category is available for those authorities that want to have more than one 
dermal irritant category. 

60. Reversibility of dermal lesions is another consideration in evaluating irritant responses. 
When inflammation persists to the end of the observation period in 2 or more test animals, taking 
into consideration alopecia (limited area), hyperkeratosis, hyperplasia and scaling, then a material 
should be considered to be an irritant. 
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61. Animal irritant responses within a test can be quite variable, as they are with corrosion. A 
separate irritant criterion should be added to accommodate cases when there is a significant irritant 
response but less than the mean score criterion for a positive test. For example, a test material might 
be designated as an irritant if I ofJ tested animals shows a very elevated mean score throughout the 
sn1dy, including lesions persisting at the end of an observation period of normally 14 days. Other 
responses could also fulfil this criterion. However, tl1e responses should be ascertained as being the 
result of chemical exposure. Addition of this criterion increases the sensitivity of the classification 
system beyond that of the current EU system. 

62. To counterbalance the increases in sensitivity of a designation of an irritant position and to 
make room for a mild irritant category, the endpoint mean score for a positive animal response is 
raised from 2: 2.0 under the current EU system to 2': 2.3. From a training set of data, the proportion 
of positive tests for the total data base decreases from 0.59 for the current EU system to 0.34. The 
exact proportion of positive test materials in the proposed system is not known, but it would 
definitely be higher than 0.34 and, thus, closer to the proportion of positives in the current EU 
system. In addition, the proportion of positives will vary considerably with the composition of 
materials being tested. From the training set, about 0.34 of the chemicals are in the mild irritant 
category, and the total is the sum of the proportion of irritants and mild irritants, or 0.68 of the 
chemicals. 

63. A single irritant category (Category 2) is adopted using the results of animal testing. 
Authorities (e.g., pesticides) also have available a less severe mild irritant category (Category 3). 
Several criteria distinguish the two categories (Table 3). They mainly differ in the severity of 
dermal reactions. TI1c major criterion for the irritant category is that at least 2 tested animals have a 
mean score of2'; 2.3 - $ 4.0. For the mild irritant category, the mean score cut-offs arc 2': 1.5 - < 2.3 
for at least 2 tested animals. Test materials in the irritant category would be excluded from being 
placed in the mild irritant category. 

Table 3. Skin irritant category and subclassa 

Classes Criteria 

Irritant (I) Mean value of 2: 2.3 - < 4.0 for erythema/eschar or for oedema in at 
(Category 2) least 2 of 3 tested animals from gradings at 24, 48 and 72 holl11> after patch 
(applies to all removal or, if reactions arc delayed, from grades on 3 consecutive days 
authorities) after the onset of dcmml reactions, or 

(2) Inflammation that persists to the end of the observation period 
nonnally 14 days in at least 2 animals, particularly taking into account 
alopecia (limited area), hyperkeratosis, hypc1plasia, and scaling, or 

(3) In some cases where there is pronounced variability of response among 
animals, with very definite positive effects related to chemical exposure in 
a single animal bnt less than the criteria above. 

Mild irritant Mean value of 2': I 5 - < 2.3 for erythema/eschar or for oedema from 
(Category 3) gradings in at least 2 of3 tested animals from grades at 24, 48 and 72 hours 
(applies to only or, if reactions arc delayed, from grades on 3 consecutive days after the 

some authorities) onset of dcnnal reactions (when not included in the irritant category 
above). 

a. In case hwnan data are considered, the LISe of human data is discussed in Part I, 
Chapter 1.3: "General Considerations". 
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Cliaptet-2.3: 

HARMONISED SYSTEM FOR THE CLASSIFICATION OF CHEMICALS WHICH 
.CAUSE EYE IRRIT ATIONICOAAOSION 

EXECUTIVE SUMMARY 

64. In the following hannonised system for eye irritation/corrosion hazard classification the 
collection of test guidelines and classification schemes worked out by the EC, the tier scheme of the 
U.S. regulators, the experiences of the German regulators based on the EU chemicals notification 
procedure and the outcome of the "OECD Workshop on Harmonisation of Validation Criteria for 
Alternative Tests I Harmonisation and Acceptance Criteria for Alternative Toxicological Test 
Methods" in Solna, Sweden (22nd -24th January, 1996) have been considered. 

65. Also reflected are eye initation/corrosion classification schemes for chemicals which are 
in force in the member countries of the Organisation for Economic Co-operation and Development, 
OECD (6), in the European Union, EU and the Canadian Pest Management Regulatory Agency and 
the Canadian workplace system, WHMIS. Within the transport sectors of the United Nations, UN, 
only dennal corrosivity is taken into account; eye corrosivity or eye irritating properties are not 
included within the "Orange Book" of the UN. 

66. The hannonised system includes an evaluation strategy of existing information and 
specific testing for eye effects. In developing harmoniscd positions for eye irritation/corrosion 
testing, three objectives have been kept in mind: 

• to define criteria for both serious damage to eyes and eye irritation that arc in the range 
of sensitivity of existing systems, 

• to have the option of subdividing effects in two pmts for those authorities that need 
them, and 

• to avoid testing for local effects on eyes with skin corrosive substances. 

67. A single harmonised hazard group is defined for the classification of serious damage to 
eyes. Serious damage to eyes is defined as severe irreversible effects on the eye including not only 
corrosive effects like destruction of cornea or conjunctivae but also persistent indication of serious 
impairment of sight. 

68. A single hannonised hazard group is defined for the classification of eye irritation that 
reverses within an appropriate observation time. The proposed hamwnised classification of 
reversible eye irritation draws upon procedures currently employed by the European Union (EU) 
and by regulatory authorities in the United States of America (USA) and in Canada. Classified are 
local effects detected in a Draizc test with rabbits that reverse within 21 days after instillation of the 
substance into the eye. Effects on the cornea, effects on the iris and conjnnctival erythema and 
oedema are graded separately; an animal's mean score from readings over the first three days after 
instillation must meet a defined level to be positive, and at least 2 of 3 tested animals must be 
positive for the test to be positive. The proportion oftcst substances expected to be positive by the 
proposed hannonised system is somewhat higher than that of the cUI-rent EU system but less than 
that of the current US and Canadian systems. Authorities wanting to distinguish between mild aud 
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moderate eye irritants have the option to use a subcategorisation that considers the differences 
within the current classification systems. 

PURPOSE, BASIS AND APPLICABILITY 

69. The pUl]JOSe of the document is to present a hannoniscd system of hazard classification for 
eye initation, dcstmction of eye tissues and other serious damage to tissues and function of eyes that 
can be agreed upon and utilised by OECD Member countries. 

70. A tiered testing and evaJuation scheme is presented that combines pre-existing information 
on local corrosivity and on eye irritation (including data relating to !Ustorical human or animal 
experience) as well as considerations on structure-activity relationships (SAR) or structure-property 
relationships (SPR) and the output of validated in vitro tests in order to avoid unnecessary animal 
testing. 

71. The harmonised hazard classification system grew out of the currently employed systems 
within the QECD Member countries. It is based on concepts already in effect and melds together a 
position that does not deviate significantly from those currently in use. 

72. The proposals for classification of eye irritation and serious damage to the eye include 
elements that are harmonised and will be used by all authorities as well as optional subcategories 
that will be applied by only some authorities (e.g., authorities classifying pesticides). 

CLASSIFICATION CATEGORIES AND CRITERIA 

73. The harmonised system includes guidance for the use of initial considerations, that is those 
data elements that are evaluated before animal testing for eye damaging effects is undertaken. It 
also includes hazard categories for local lesions on the eyes. 

Initial considerations I tier testing and evaluation strategy 

74. Before there is any in vivo dennal or eye irritation/corrosion testing all extst!llg 
information on a test material should be reviewed. Preliminary decisions can often be made from 
them as to whether an agent is corrosive. If a test material can be classified, no testing is required. 
A highly recommended way of evaluating existing infomtation on agents or of approaching new 
uninvestigated substances, is to utilise a tier testing strategy for eye irritation/corrosion. 

75. Several factors should be considered in determining the eye damage or irritation potential 
of chemicals before testing is undertaken. Accumulated human and animal experience should be the 
first line of analysis, as it gives infommtion directly referable to effects on the eye. In 'some cases 
enough information may be available from structurally related compounds to make hazard 
decisions. Likewise, pH extremes like $ 2 and~ 11.5, may indicate corrosive effects, especially 
when buffering capacity is known. Such agents are expected to produce significant effects on the 
eyes. Possible skin corrosion has to be evaluated prior to consideration of eye irritation/corrosion in 
order to avoid testing for local effects on eyes with skin conusive substances. In vitro altematives 
that have been validated and accepted may be used to make classification decisions. 

76. All the above infonnation that is available on a chemical should be used in determining the 
need for in vil'O eye irritation testing. Although information might be gained from the evaluation of 
single parameters within a tier (e.g., caustic alkalies with extreme pH should be considered as local 
conosivcs), there is merit in considering the totality of existing infonnation and making an overall 
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weight of evidence determination. This is especially true when there is information available on 
some but not all parameters. Generally, primmy emphasis should be placed upon expert judgement 
considering human experience with the substance, followed by the outcome of skin irritation testing 
and of well validated alternative methods. Animal testing with corrosive substances should be 
avoided whenever possible. 

77. A tiered approach to the evaluation of initial infonnation should be considered, where 
applicable recognising that all elements may not be relevant in certain cases. The tiered approach 
explained in Figure 2 was developed with contributions from (inter)national centres and conm1ittees 
for the testing and validation of alternatives to animal testing during a workshop in Solna, Sweden. 

Figure 2: Testing and evaluation strategy for eye irritation/corrosion 
(see also: "Testing and evaluation strategy for skin irritation/corrosion'') 

Step Parameter Findings Conclusions 

Ia Data relating to historical -c Smce damage to -+ Category I 
human or animal eyes 

experience T 
Eye irritant 

Category 2 

No or don't know .. 
lb Data relating to historical ______,.. Skin corrosive -+ No evaluation of effects 

human or animal on eyes; deemed to be 
experience .. Category I 

No or don't know .. 
lc Data relating to historical ______,.. Skin irritant -+ No evaluation of effects 

human or animal on eyes; deemed to be 
experience+ Category 2 

No or don't know .. 
2a SAR/SPR _____,.. Severe damage to -+ Category I 

.. eyes 

No or don't know .. 
2b SARISPR ----..,.. Eye irritant -+ No evaluation of effects 

.. on eyes; deemed to be 
Category 2 
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Figure 2 (cont.): Testing and evaluation strategy for eye irritation/corrosion 
(see also: "Testing and evaluation strategy for skin irritation/corrosion") 

Step 

2o 

3a 

Parameter 

No or don't know 

t 
SAR!SPR 

t 

No or don't know 

t 
pH/acid or alkaline 

reserve 
t 

3b 2<pH< 11.5 

4 

5 

5a 

6 

(no buffering potential) 

Other infonnttion 
indicating the material is a 

dermal corrosive 
t 

No 
t 

Is a valid in vitro test 
available to assess severe 

damage to eyes 

In vitro test for stvere eye 
irritation 

t 
Not a severe eye irritant 

t 
Is a valid in vitro test for 
eye irritation available 

No 

t -I> 

Findings 

_.,. Skin corrosive 

---+ pH~l15orpH~ 
2 

(considering acid 
or alkaline 
reserve) 

---+ Yes 

---+No 

-
c 

Severe damage to 
eyes 

but in vitro test for 
severe eye 
irritancy was 
negative 

in the absence of 
any in vitro test 

34 

Conclusions 

+ No evaluation of 
effects on eyes; 
deemed to be Category 
I 

+ Category 1 

+ No evaluation of effects 
on eyes; deemed to be 
Category 1 

......,_ Go to step 6 

Category 1 

Go to step 8 

Go to Step 7 
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Figure 2 (cont.): Testing and evaluation strategy for eye irritation/corrosion 
(see also: "Testing and evaluation strategy for skin irritation/corrosion") 

Step 

6' 

7 

8 

Parameter 

Yes 

+ 
In vitro eye irritation test 

+ 
No indication of eye 

irritant properties 

+ 
Experimentally assess 

skin corrosion potential 
(sec Testing Strategy for 
Skin Irritation/Corrosion) 

+ 
Not con·osive 

+ 
1 rabbit eye test 

+ 
No serious damage 

+ 
9 1 or 2 further rabbits 

Not an eye irritant 

Findings 

______.. Eye irritant 

______.. Skin corrosive 

______.. ScriolL<; damage to 
eyes 

______.. Eye irritant 

Conclusions 

Category 2 

--+ No evaluation of 
effects on eyes, 
deemed 10 be Category 
I 

--+ Category l 

--+ Category 2 

Notes to the testing and evaluation strategy for eye irritation I corrosion 

78. Step la/b: Data relating to historical human or animal experience: Pre-existing information 
on eye irritation and skin corrosion arc shown separately because evaluation of skin corrosion has to 
be considered if there is no information ou local effects on eyes. Analysis of pre-existing 
experience with the chemical may identify both corrosion and irritation potential f(lr both dennal 
and ocular effects: i) Step I a - reliable detennination of eye in·itancy basing on human or animal 
experience- depends on expert judgement: In most cases human experience is based on accidental 
events and thus, the local effects detected after an accident have to be compared with classification 
criteria created for evaluation of animal test data. ii) Step l b - cvah1ation of data on skin corrosivity 
-skin corrosive substances should not be instilled into the eyes of animals; such substances should 
be considered as corrosive to the eyes as welL (Category 1) 

79. Step 2a/b: SAR (Structure Activity Relationships) I SPR (Structure Property 
Relationships) for eye irritation and skin corrosion are shown separately but in reality would 
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probably be done in parallel. This stage should be completed using validated aud accepted 
SAR/SPR approaches. The SARJSPR analysis may identify both corrosion and irritation potential 
for both dermal and ocular effects: i) Step 2a ~ reliable determination of eye irritancy only by 
theoretical evaluations~ in most cases it will only be appropriate for substances that are homologous 
to agents with very well known prope11ies. ii) Step 2c ·theoretical evaluation of skin corrosivity ~ 
skin corrosive substances should not be instilled into the eyes of animals; such substances sl10uld be 
considered as con·osive to the eyes as well. (Category 1) 

80. Step 3: pH cxhx:mcs like <2 and >ll.5 may indicate strong local effects, especially in 
combination with assessment of acid or alkaline reserve, substances exhibiting such physico· 
chemical properties should be considered as corrosive to eyes. (Category 1) 

81. Step 4: All attainable information should be used, including probable lmman experience. 
But this information should be restricted to that which pre-exists (e.g. the results of a dermal LD50 
test or historical information on dcm1al corrosion). 

82. Step 5: These rru1st be alternative methods for the assessment of severe eye 
irritation/corrosion or serious damage to eyes (e.g., irreversible corneal opacity) which have been 
validated in accordance with internationally agreed principles and criteria (sec "General 
Considerations" of the General Introduction to the Hannoniscd Integrated Hazard Classification 
System). 

83. Step 6: At present this step seems not be achievable in the ncar future. Validated 
alternative methods for the reliable assessment of (reversible) eye irritation need to be worked out. 

84. Step 7: In the absence of any other relevant information, it is essential to obtain this via an 
internationally recognised corrosion/irritation test before proceeding to a rabbit eye irritation test. 
This must be conducted in a staged manner. If possible, this should be achieved using a validated, 
accepted in vitro skin corrosivity assay. If this is not available, then the assessment should be 
completed using animal tests (see the skin irritationlcorrosiou strategy). 

85. Step 8: Staged assessment of eye irritation in vivo. lfin a limit test with one rabbit serious 
damage to eyes/severe eye irritation/corrosion is detected no further testing is needed. 

86. Step 9: Only two animals may be employed for irritation testing (including the one used 
for evaluation of possible severe effects) if these two animals give concordaut clearly irritant or 
clearly non~irritant responses. In the case of different or borderline responses a third animal is 
needed. Depending on the result of this thrcc~animal test, classification may be required or not. 

87. Where data needed for sucl1 a testing strategy cannot be required, the proposed tier testing 
approach demonstrates a good guidance how to organise existing information on a test material cmd 
to make a weight-of-evidence decision about hazard assessment. and hazard classification· ideally 
without conducting new animal tests. 

Irreversible effects on the eye I serious damage to eyes 

88. A single harmonised hazard category is adopted for substances that have the potential to 
damage the eyes seriously. This hazard category ~ Category I (irreversible effects on the eye) ~ 

includes the criteria listed below. These observations include animals with grade 4 cornea lesions 
and other severe reactions (e.g., destmction of cornea) observed at any time during the test, as well 
as persistent corneal opacity, discoloration of the cornea by a dye substance, adhesion, pannus, and 
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interference with the function of the iris or other effects that impair sight. In this context, persistent 
lesions are considered those which are not fully reversible within an observation period of normally 
21 days. Hazard classification: Category 1 also contains substances fulfllling the criteria of corneal 
opacity~ 3 or iritis> 1.5 detected in a Draize eye test with rabbits, because severe lesions like these 
uslially do not reverse within a 2! days observation period. 

IRREVERSIBLE EYE EFFECTS CLASSES 

An eye irritant Category 1 (irreversible effects on the eye) is a test material that produces: 

at least in one animal effects on the cornea, iris or conjunctiva that are not expected to 
reverse or have not fully reversed within an observation period of normally 21 days 

and/or 

at least in 2 of3 tested animals a positive response of: 

corneal opacity~ 3 and/or 
iritis> 1.5 

calculated as the mean scores following grading at 24, 48 and 72 hours after 
installation of the test material. 

89. The usc of human data is discussed Lmder "General Considerations" in tl1c introductory 
chapters of the Hannoniscd Integrated Hazard Classification System for Human Health and 
Environmental Effects of Chemicals. 

Reversible effects on the eye 

90. A single category is adopted for substances that have the potential to induce reversible eye 
irritation. This single hazard category provides the option to identify within the catego1y a sub­
category for substances inducing eye irritant effects reversing within an observation time of7 days. 

91. Those authorities desiring one single category for classification of"eye llTitation" may use 
the overall harmonised Category 2 (irritating to eyes): others may want to distinguish between 
Category 2A (irritating to the eyes) and Category 2B (mildly irritating to eyes). 
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REVERSIBLE EYE EFFECTS CLASSES 

An eye irritant Category 2A (irritating to eyes) is a test material that produces: 

at least in 2 of 3 tested animals a positive response of: 

corneal opacity?:: 1 and/or 
iritis?:: 1, and/or 
conjunctival redness?:: 2 

conjunctival oedema (chemosis)?:: 2 

calculated as the mean scores following grading at 24, 48 and 72 hours after 
installation of the test material, and 

which fully reverses within an observation period ofnonnally 21 days 

Within this category an eye irritant is considered mildly irritating to eyes (Category 2B) 
when the effect~ listed above arc fully reversible within 7 days of observation. 

92. For those chemicals where there is pronounced variability among animal responses, this 
information may be taken into account in dctcm1ining the classification. 
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Chapter 2.4: 

HARMONISED SYSTEM FOR T.!!E CLASSIF1CATION.OJ1 CHEMICALS WHICH 
CAU-SE RESPIRATORY O'RSKII"J SE:NS1TISA',fiONI) 

PURPOSE, BASIS AND APPLICABILITY 

93. The purpose of the harmonised criteria for classification of respiratory and dermal 
sensitisers is to give a conunon ground, which could be used intemationally, for the hazard 
classification of sensitising properties of chemicals. 

94. The basis for the harmonised criteria are those criteria which are currently in use in the 
OECD countries. Elements from these were integrated so as to maintain a high level of protection 
and to form harmonised criteria which could be agreed upon. 

95. The criteria should be applicable on the hazard classification of chemicals irrespective of 
their end use. 

I. RESPIRATORY SENSITISERS 

Definitions 

96. A respiratory sensitiser is a substance that will induce hypersensitivity of the airways 
following inhalation of the substance. 

Classification Criteria 

97. Substances shall be classified as respiratory sensitisers in accordance with the criteria 
given below: 

• if there is evidence in humans that the substance can induce specific respiratory 
hypersensitivity and/or 

• where there are positive results from an appropriate animal test. 

I. There has been considcntble discussion about what to convey abunl scnsilisution effects 10 those exposed, and at what 
poim il should be conveyed. While the current cut-off for mixtures is I%, it appeurs that the major systems all believe 
informntion should be conveyed betow thai leveL This may be appropriate both to warn those already sensitised, as 
well as ro wam those who may become sensitised. This issue was not clear during the initial delibemtions on the criwria 
for tnixtu.rcs containing scnsitisers, and thus has not been adequately discussed nor options explored. 

Before the system becomes implcmenled, Ibis iss11e should be revisited by the ECOSOC Subcontmittee on !he GHS as 
one of its first priorities. II should be noted that the sensitisation criteri~l for substances will also have to be re~opened to 
consider this issue and the inclusion of new infonnation and cvolvittg tcsling approaches thai addresses the question of 
strong scnsitiscrs verstJs those thai arc weaker. Appropriate hazard communication should be considered along with the 
discussions on the criteria and the availability of an appropriate test mel hod. 
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RATIONALE FOR THE SYSTEM 

Hlllnan evidence 

98. Evidence that a substance cau induce specific respimtory hypersensitivity will normally be 
based on human experience. In this context, hypersensitivity is nonnally seen as asthma, but other 
hypersensitivity reactions such as rhinitis/conjunctivitis and alveolitis are also considered. The 
condition will have the clinical character of an allergic reaction. However, immunological 
mechanisms do not have to be demonstrated. 

99. When considering the human evidence, it is necessary for a decision on classification to 
take into acc01mt in addition to the evidence from the cases: 

• the size of the population exposed 

• the extent of exposure. 

!00. The evidence referred to above could be 

• clinical history and data from appropriate lung function tests related to exposure to 
the substance, confumed by other supportive evidence which may include: 

in vivo immunological test (e.g. skin prick test) 

in vitro imml!nological test (e.g. serological ;malysis) 

studies that may indicate other specific hypersensitivity reactions where 
immunological mechanisms of action have not been proven, e.g. repeated low~ 
level irritation, pharmacologically mediated effects 

a chemical structure 1-clatcd to substances known to cause respiratory 
hypersensitivity 

• data from positive bronchial challenge tests with the substance conducted 
according to accepted guidelines for the determination of a specific 
hypersensitivity reaction. 

101. Clinical history should include both medical and occupational history to dctcnninc a 
relationship between exposure to a specific substance and development of respiratory 
hypersensitivity. Relevant information includes aggravating factors both in the home and 
workplace, the onset and progress of the disease, family history and medical history of the patient in 
question. The medical history should also include a note of other allergic or airway disorders from 
childhood, and smoking history. 

102. The results of positive bronchial challenge tests are considered to provide sufficient 
evidence for classification on their own. It is however recognised that in practice many of the 
examinations listed above will already have been carried out. 

Animal studies 

103. Data from appropriate animal studies which may be indicative of the potential of a 
substance to cause sensitisation by inhalation in humans may include: 

~measurements oflgE and other specific immunological parameters, for example in mice 
~ specific pulmonary responses in guinea pigs. 
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EXPLANATORY NOTES 

104. The mechanisms by which substances indtJce symptoms of asthma are not yet f11lly 
known. For preventative reasons these substances are considered a<; respiratory scnsitisers. 
However, if on the basis of the evidence mentioned in paragraph 100, it can be demonstrated that 
these substances induce symptoms of asthma by irritation only in people with bronchial 
hyperreactivity, they should not be considered as respiratory sensitisers. 

105. At present recognised animal models for the testing of respiratory hypersensitivity arc not 
available. Under cCitain circum.<;tanccs, animal testing may be used, e.g. a modification of the 
guinea pig maximisation test for dctennination of relative allcrgenicity of proteins. However, these 
tests still need further validation. 

I06. Some substances causing respiratory sensitisation may in addition cause immunological 
contact urticaria and therefore should be considered for classification as a contact sensitiscrs (sec 
patt Il). 

II. CONTACT SENSlTISERS 

Definitions 

107. A contact sensitiser is a substance that will induce an allergic response following skin 
contact. 

Classification Criteria 

108. Substances shall be classified as contact scnsitiscrs in accordance with the criteria given 
below: 

• if there is evidence in humans that the substance can induce sensitisation by skin 
contact in a substantial number of persons, or 

• where there are positive results from an appropriate animal test. 

RATIONALE FOR THE SYSTEM 

109. For classification of a substance evidence should include any or all of the following: 

Positive data from patch testing, normally obtained in more than one dcnnatology 
clinic. 

Epidemiological studies showing allergic contact dermatitis caused by the 
substance. Situations in which a high propottion of those exposed exhibit 
characteristic symptoms are to be looked at with special concern, even if the 
number of cases is small. 

Positive data from appropriate animal studies. 
Positive data from experimental studies in man. (see Part I, Chapter 1.3, 
paragraph 22). 
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Well documented episcxies of allergic contact dermatitis, nonnally obtained in 
more than one dermatology clinic. 

110. Positive effects seen in either humans or animals will nonnally justify classification. 
Evidence from animal studies is usually much more reliable than evidence from human exposure. 
However, in cases where evidence is available from both sources, and there is conflict between the 
results, the quality and reliability of the evidence from both sources must be a.<;sesscd in order to 
resolve the question of classification on a case-by-case basis. N01mally, human data are not generated 
in controlled experiments with vohmtecrs for the pw-posc of hazard classification but rather as part of 
risk assessment to confirm lack of effects seen in animal tests. Consequently, positive human data on 
contact scnsitisation arc usually derived from case-control or other, less defined studies. Evaluation of 
human data lllllSt therefore be carried out v.':ith caution as the frequency of cases reflect, in addition to 
the inherent properties of the substances, factors such as the exposure situation, bioavailability, 
individual predisposition and preventive mca<;ures taken. Negative human data should not normally 
be used to negate positive results from animal studies. 

Ill. If none of the above mentioned conditions are met the Sllbslancc need not be classified as a 
contact sensitiscr. However, a combination of two or more indicators of contact scnsitisation as 
listed below may alter the decision. This shall be considered on a case-by-case basis. 

Isolated episodes of allergic contact demtatitis. 

Epidemiological studies of limited power, e.g. where chance, bias or confounders have 
not been ruled out fully with reasonable confidence. 

Data from animal tests, performed according to existing guidelines, which do not meet 
the criteria given in the section on animal studies but are sufficiently close to the limit to 
be considered significant. 

Positive data from non-standard methods. 

Positive results from close structural analogues. 

EXPLANATORY NOTES 

Immunological Contact Urticaria 

112. Substances meeting the criteria for classification as respiratory sensitisers may in addition 
cause immunological contact urticaria. Consideration should be given to classifY these substances 
also as contact sensitisers. Substances which cause immunological contact urticaria without 
meeting the criteria for respiratory sensitisers should also be considered for classification as contact 
sensitisers. 

113. There is no recognised animal model available to identifY substances which cause 
immunological contact urticaria. Therefore, classification will nonnally be based on human 
evidence which will be similar to that for skin sensitisatio~. 

Animal Studies 

114. When an adjuvant type test method for skin sensitisatiou is used, a response of at least 
30% of the animals is considered as positive. For a non-adjuvant test method a response of at least 
15% of the animals is considered positive. Test methods for skin sensitisation are described in the 
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OECD Guideline 406 (the Guinea Pig Maximisation test and the Buehler guinea pig test). Other 
methods may be used provided that they are well-validated and scientific justification is given. 

115. The mouse car swelling test, MEST, and tltc local lymph node assay, LLNA, appear to be 
reliable screeniug tests to detect moderate to strong sensitisers. The LLNA or the MEST can be 
used as a first stage in the assessment of skin sensitisation potentiaL In case of a positive result in 
either assay it may not be necessary to conduct a further guinea pig test. 

116. When evaluating animal data, produced by testing according to the OECD or equivalent 
Guidelines for skin scnsitisation, the rate of sensitised animals may be considered. This rate reflects 
the sensitising capacity of a substance in relation to its mildly irritating dose. This dose may vary 
between substances. A more appropriate evaluation of the sensitising capacity of a substance could 
be carried out if the dose-response relationship was known for the substance. This is an area that 
needs further development. 

117. There arc substances that arc extremely scnsitising at low doses where others require high 
doses and long time of exposure for sensitisation. For the purpose of hazard classification it may be 
preferable to distinguish between strong and moderate sensitisers. However, at present animal or 
other test systems to subcategorise sensitisers have not been validated and accepted. Therefore, 
subcategorisation should not yet be considered as part of the harmonised classification system. (See 
Background Infonnation). 

APPENDIX: BACKGROUND INFOR.t'-'IATION 

118. Categorisation of scnsitisers accounting for differences in sct!Stttsmg capacity amotlg 
substances would be a useful concept to develop. It may be appropriate to allocate both respiratory 
and dcnual scnsitisers to, for example, one of the following categories: 

Category l, Strong Scnsitiser: 

A strong sensitiser would be indicated by 

a high frequency of occurrence and! or severity of occmrence within an exposed 
population or 
a probability of occurrence of a high sensitisation rate in humallS based on animal 
or other tests. 

Category 2, Sensitiser: 

A low to moderate sensitiser would be indicated by 

a low or moderate frequency or severity of occurrence within an exposed 
population or 
a probability of occutTcnce of a low to moderate sensitisation rate in humans based 
on animal or other tests. 

119. Some authorities currently categorise strong scnsitisers. However, at present, animal or 
other test systems to subcategorise sensitisers as indicated above, have tlOt been validated and 
accepted. Work is going on to develop such models for the potency evaluation of contact allergens. 
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_ -- -- -- Cbapter-2.5: __ " 

HARMONISED SYSTEM FOR THE CLASSIFIC>HION OF CHEMICALS WffiCII 
. CAUSE MUTATIONS IN GERM CELLS . . . .. 

PURPOSE~ BASIS AND APPLICABILITY 

120. The purpose of the harmonised scheme for the classification of chemicals which may 
cause heritable mutations in germ cells in humans is to provide a conm1on ground which could be 
used intemationally for the classification of mutagens. All tests conducted according to validated 
and internationally accepted test guidelines are acceptable for the purpose of classifying substances. 

121. To arrive at that classification scheme, test results are considered from experiments 
determining mutagenic and/or genotoxic effects in germ and/or somatic cells of exposed animals. 
Mutagenic and/or genotoxic effects determined in in vitro tests may also be considered. 

I22. The system is hazard based, classifYing chemicals on the basis of their intrinsic ability to 
induce mutations in germ cells. T!Ie scheme is, therefore, not meant for the (quantitative) risk 
assessment of chemical substances. 

DEFINITIONS 

I23. The classification system is primarily concerned with chemicals which may cause 
mutations in the germ cells of humans and these mutations can be transmitted to the progeny. 
However, mutagcnicity/gcnotoxicity tests in vitro and in mammalian somatic cells in vivo will also 
be considered in the SIIb-divisioiJS of the classification system. 

I24. In the present context, conunonly found definitions of the terms mutagenic, mutagen, 
mutations and gcnotoxic arc used, and a mutation is defined here as a permanent change in the 
am01mt or structure of the genetic material in a cell. 

!25. The term "mutation" applies both for heritable genetic changes that may be manifested at 
the phenotypic Jcvcl, and for the underlying DNA modifications when lmown (including, for 
example, specific base pair changes and chromosomal translocation<;). The tcnn "mutagenic" and 
"mutagen" will be used for agents giving rise to an increased occurrence of mutations in populations 
of cells and/or organisms. 

126. The more general terms "gcnotoxic" and "gcnotoxicity" apply to agents or processes 
which alter the structure, information content, or segregation of DNA, including those which Cause 
DNA damage by interfering with normal replication processes, or which in a non-physiological 
manner (temporarily) alter its replication. Gcnotoxicity test results are usually taken a~ indicators 
for mutagenic effects. 

CLASSIFICATION CATEGORIES AND CRITERIA 

127. The classification system comprises two different catcgmics of germ ceil mutagens to 
accommodate the weight of evidence available. The two-category system is described in the 
following. 
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CATEGORY 1: 

CHEMICALS KNOWN TO INDUCE HERITABLE MUTATIONS OR TO BE 
REGARDED AS IF THEY INDUCE HERITABLE MUTATIONS IN THE GERM 
CELLS OF HUMANS. 

CATEGORY JA: Chemicals known to induce heritable mutations in germ cells of humans 

Criteria: Positive evidence from human epidemiological studies. 

CATEGORY IB: Chemicals which should be regarded as if they induce heritable 
mutations in the germ cells of humans. 

Criteria: 

- Positive result(s) from in vivo heritable germ cell mutagenicity tests in 
mammals; or 

- Positive result{s) from iu vivo somatic cell mutagenicity tests in mammals, in 
combination with some evidence that the substance has potential to cause 
mutations to genn cells. This suppmting evidence may, for example, be 
derived fi:om mutagenicity/genotoxic tests in germ cells in vivo, or by 
demonstrating the ability of the substance or its metabolite{s) to interact with 
the genetic material of genn cells; or 

- Positive results from tests showing mutagenic effects in the germ cells of 
humans, without demonstration of transmission to progeny; for example, an 
increase in the frequency of aneuploidy in sperm cells of exposed people. 

CATEGORY2: 

CHEMICALS WHICH CAUSE CONCERN FOR MAN OWING TO THE POSSIBIUTY 
THAT THEY MAY INDUCE HERITABLE MUTATIONS IN THE GERM CELLS OF 
HUMANS. 

Positive evidence obtained from experiments in mammals and/or in some cases from in vitro 
experiments, obtained from: 

- Somatic cell mutagenicity tests in vivo, in mammals; or 
- Other in vivo somatic cell genotoxicity tests which are to be supported by 

positive res\ilts from in vitro nrntagenicity assays 

Nota Bene: 

- Chemicals which are positive in in vitro mammalian mutagenicity assays, and 
which also show chemical structure activity relationship to known genn cell 
mutagens, should be considered for classification as category 2 mutagens. 
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RATIONALE FOR THE PROPOSED SYSTEM 

128. Classification for heritable effects in human germ cells is made on the basis of well 
conducted, Sltfficicntly validated tests, preferably as described in OECD Test Guidelines. 
Evaluation of the test results should be done using expert judgement and all the available evidence 
should be weighed for classification. 

129. Examples of in vivo heritable germ cell mutagenicity tests are: 

Rodent dominant lethal mutation test (OECD 478) 
Mouse heritable translocation assay (OECD 485) 
Mouse specific locus test 

130. Examples of in vivo somatic cell mutagenicity tests arc: 

Mammalian bone marrow micronnclCits test (OECD 474) 
Mammalian bone marrow chromosome aberration test (OECD 475) 
Mouse spot test (OECD 484) 
Manunalian erythrocyte micronucleus test (OECD 474) 

13 I. Examples ofmutagenicity/gcnotoxicity tests in germ cells are: 

A) Mutagenicity tests: 
Mammalian spermatogonial chromosome aberration test (OECD 483) 
Spennatid micronucleus assay 

B) Genotoxicity tests: 
Sister chromatid exchange analysis in spermatogonia 
Unscheduled DNA synthesis test (UDS) in testicular cells 

132. Examples of gcnotoxicity tests in somatic cells are: 

Liver Unscheduled DNA Synthesis (UDS) in vil'O (OECD 486) 
Mammalian bone marrow sister chromatid exchanges (SCE) 

133. Examples of in vitro mutagenicity tests are: 

In vitro mammalian chromosome aberration test (OECD 473) 
In vitro mammalian cell gene mutation test (OECD 476) 
Bacterial reverse mutation tests (OECD 471) 

134. The classification of individual substances should be based on the total weight of evidence 
available, using expettjudgement. In those instances where a single well-conducted test is used for 
classification, it should provide clear and unambiguously positive results. If new, well validated, 
tests arise these may also be used in the total weight of evidence to be considered. The relevance of 
the route of cxposttre used in the study of the chemical compared to the ro11te of human exposure 
should also be taken into account. 

EXPLANATORY NOTES 

135. It becomes increasingly clear that the process of chemical-induced tumorigenesis in man 
and animals involves (an accumulation of) genetic changes in proto-oncogenes andfot· tumour 
suppresser genes of somatic cells. Therefore, the demonstration of mutagenic properties of 
chemicals in somatic and/or germ cells of mammals in vivo may have implications for the potential 
classification of these chemicals as carcinogens (cf. chapter "Hannonised System for the 
Classification of Chemicals Which Cause Cancer"). 
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-- , - , Chapter 2.6: 

.HARMONISEDSYSTE[\1 FOR THECLASSIFICATION OF CHEMICALS WHICH .. 
. . . . .. CAUSECANCER . . . 

PURPOSE, BASIS AND APPLICABILITY 

136. The purpose of the hannonised system for the classification of chemicals which may cause 
cancer is to provide common ground which could be nscd internationally for the classification of 
carcinogenic substances. 

137. The scheme is applicable to the classification of all chemicals. This chapter deals only 
with chemical substances. The application to classification of preparations/products/mixtures is 
described in Chapter 3.6. 

DEFINITIONS 

138. The term "carcinogen" denotes a chemical substance or a mixture of chemical substances 
which induce cancer or increase its incidence. Substances which have induced benign and 
malignant tumours in well pc1formcd experimental studies on animals are considered also to be 
presumed or suspected human carcinogens unless there is strong evidence that the mechanism of 
tumour formation is not relevant for humans. 

139. Classification of a chemical as posing a carcinogenic hazard is based on the inherent 
properties of the substance and does not provide information on the level of the human cancer risk 
which the usc of the chemical may represent. 

CLASSIFICATION CATEGORIES AND CRITERlA 

140. For the purpose of classification for carcinogenicity, chemical substances arc allocated to 
one of two categories based on strength of evidence and additional considerations (weight of 
evidence). In certain instances route specific classification may be warranted. 
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CATEGORY 1: KNOWN OR PRESUMED HUMAN CARCINOGENS 

The placing of a chemical in Category I is done on the basis of epidemiological 
and/or animal data. An individual chemical may be fiuiher distinguished: 

CATEGORY lA: KNOWN to have carcinogenic potential for humans; the placing 
of a chemical is largely based on human evidence. 

CATEGORY IB: PRESUMED to have carcinogenic potential for humans; the 
placing of a chemical is largely based on animal evidence. 

Based on strength of evidence together with additional considerations, such 
evidence may be derived from human studies that establish a causal relationship between 
human exposure to a chemical aud the development of cancer (known human carcinogen). 
Alternatively, evidence may be derived from animal experiments for which there is 
sufficient evidence to demonstrate animal carcinogenicity (presumed human carcinogen). 
In addition, on a case by case basis, scientific judgement may warrant a decision of 
presumed human carcinogenicity derived fium studies showing limited evidence of 
carcinogenicity in humans together with limited evidence of carcinogenicity in 
experimental animals. 

Classification: Categ01y I (A and B) Carcinogen 

CATEGORY 2: SUSPECTED HUMAN CARCINOGENS 

The placing of a chemical in Category 2 is done on the basis of evidence obtained 
from human and/or animal studies, but which is not sufficiently convincing to place the 
chemical in Category I. 

Based on strength of evidence together with additional considerations, such 
evidence may be from either limited evidence of carcinogenicity in human studies or from 
limited evidence of carcinogenicity in animal studies. 

Classification: Categ01y 2 Carcinogen 

RATIONALE FOR THE PROPOSED SYSTEM 

141. Classification as Carcinogen is made on the basis of evidence from reliable Md 
acceptable methods, and is intended to be used for chemicals which have an intrinsic property to 
produce such toxic effects. The evaluations should be based on all existing data, peer-reviewed 
published studies aud additional data accepted by regulatory agencies. 

142. Carcinogen classification is a one-step, criterion-based process that involves two 
interrelated determinations: evaluations of strength of evidence and consideration of all other 
relevant infonuation to place chemicals with human cancer potential into hazard categories. 

143. Strength of evidence involves the enumeration of tumours in human and animal studies 
and determination of their level of statistical significance. Sufficient human evidence demonstrates 
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causality between human exposure and the development of cancer, whereas sufficient evidence in 
animals shows a causal relationship between the agent and an increased incidence of tumours. 
Limited evidence in humans is demonstrated by a positive associatiou between exposure and caucer, 
but a causal relationship cannot be stated. Limited evidence in animals is provided when data 
suggest a carcinogenic effect, but are less than sufficient. The tenus "sufficient" and "limited" are 
used here as they have been defined by the International Agency for Research on Cancer (IARC) 
and are cited in the Background Information for this document. 

144. Additional considerations (weight of evidence). Beyond the detennination of the 
strength of evidence for carcinogenicity, a number of other factors should be considered that 
influence the overall likelihood that an agent may pose a carcinogenic hazard in humans. The full 
list of factors that influence this determination is very lengthy, but some of the important ones are 
considered here. 

145. The factors can be viewed as either increasing or decreasing the level of concern for 
human carcinogenicity. The relative emphasis accorded to each factor depends upon the amount 
and coherence of evidence bearing on each. Generally there is a requirement for more complete 
information to decrease than to increase the level of concern. Additional considerations should be 
used in evaluating the tumour findings and the other factors in a case-by-case mam 1er. 

146. Some important factors which may be taken into consideration, when assessing the overall 
level of concern are: 

• Tumour type and background incidence. 
• Multisitc responses. 
• Progression of lesions to malignancy. 
• Reduced tumour latency. 

Additional factors on which the evaluation may increase or decrease the level of concern 
include: 

• Whether responses are in single or both sexes. 
• Whether responses are in a single species or several species. 
• Structural similarity or not to a chcmical(s) for which there is good evidence of 

carcinogenicity. 
• Routes of exposure. 
• Comparison of absorption, distribution, metabolism and excretion between test 

animals and humans. 
• The possibility of a confounding effect of excessive toxicity at test doses. 
• Mode of action and its relevance for humans, such as mutagenicity, cytotoxicity 

with growth stimulation, mitogenesis, immunosuppression. 

147. Mutagenicity. It is recognised that genetic events are central in the overall process of 
cancer development. Therefore evidence of mutagenic activity i11 vivo may indicate that a chemical 
has a potential for carcinogenic effects. 

EXPLANATORY NOTES 

148. The following additional considerations apply to classification of chemicals in10 either 
Category I or Category 2. A chemical that has not been tested for carcinogenicity may in certain 
instances be classified in Category I or Categmy 2 based on tumour data from a structural analogue 
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together with substantial support from consideration of other important factors such as formation of 
common significant metabolites, e.g. for benzidine congener dyes. 

149. The classification should take into consideration whether or not the chemical is absorbed 
by a given route(s); or whether there are only local tumours at the site of administration for the 
tested route(s), and adequate testing by other major route(s) show lack of carcinogenicity. 

150. 1t is important that whatever is known of the physico-chemical, toxicokinetic and 
toxicodynamic properties of the substances, as well as any available relevant infonnation on 
chemical analogues, i.e. structure activity relationship, is taken into consideration when undertaking 
classification. 

151. It is realised that some regulatory authorities may need flexibility beyond that developed in 
the hazard classification scheme. For inclusion into Safety Data Sheets positive results in any 
carcinogenicity study performed according to good scientific principles with statistically significant 
results may be considered. 

152. Guidance on the importance of the different factors mentioned in paragraph 146 has to be 
elaborated in order to indicate their effects or level of concern. 

153. The relative hazard potential of a chemical is a function of its intrinsic potency. There is 
great variability in potency among chemicals, and it may be important to account for these potency 
differences. The work that remains to be done is to examine methods for potency estimation. 
Carcinogenic potency as used here does not preclude risk assessment. (See Background Information 
below). 

154. The proceedings of the recent WHO/IPCS working group to harmonise risk assessment for 
carcinogenicity points to a number of scientific questions arising for classification of chemicals e.g. 
mouse liver tumours, peroxisome proliferation, receptor~mediated reactions, chemicals which are 
carcinogenic only at toxic doses and which do not demonstrate mutagenicity. Accordingly, there is 
a need to articulate the principles necessary to resolve these scientific issues which have led to 
diverging classifications in the past. Once these issues arc resolved, there would be a finn 
foundation for classification of a number of chemical carcinogens. 

155. Data already generated for classifYing chemicals under ex1stmg systems should be 
acceptable when reviewing these chemicals with regard to classification under the harmonised 
system. Further testing should not (nonnaliy) be necessary. 

APPENDIX: BACKGROUND INFORMATION 

I. Evaluation of the Strength of Evidence for Carcinogenicity Arising from Human and 
Experimental Data Adopted by the International Agency for Research on Cancer {IARC) 

Carcinogenicity in humans 

156. The evidence relevant to carcinogenicity from studies in humans is classified into one of 
the following categories: 

• Sufficient evidence of carcinogenicity: The Working Group considers that a 
causal relationship has been established between exposure to the agent, mixture or 
exposure circumstance and human cancer. That is, a positive relationship has been 
observed between exposure and cancer in studies in which chance, bias and 
confounding could be mlcd out with reasonable confidence. 
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• Limited evidence of carcinogenicity: A positive association bas been observed 
between exposure to the agent, mixture or exposure circumstance and cancer for 
which a causal interpretation is considered by the Working Group to be credible, 
but chance, bias or confounding could not be ruled out with reasonable confidence. 

157. In some instauces the above categories may be used to classify the degree of evidence 
related to carcinogenicity in specific organs or tissues. 

Carcinogenicity in experimental animals 

158. The evidence relevant to carcinogenicity in experimental animals is classified into one of 
the following categories: 

• Sufficient evidence of carcinogenicity: The Working Group considers that a 
causal relationship has been established between the agent and an increased 
incidence of malignant neoplasms or of an appropriate combination of benign and 
malignant neoplasms in (a) two or more species of animals or (b) in two or more 
independent studies iu one species carried out at different times or in different 
laboratories or under different protocols. 

• ExCeptionally, a single study in one species might be considered to provide 
sufficient evidence of carcinogenicity when malignant neoplasms occur to an 
unusual degree with regard to incidence, site, type of tumour or age at onset. 

• Limited evidence of carcinogenicity: The data suggest a carcinogenic effect but 
are limited for making a definitive evaluation because, e.g., (a) the evidence of 
carcinogenicity is restricted to a single experiment; or (b) there are unresolved 
questions regarding the adequacy of the design, conduct or interpretation of the 
study; or (c) the agent or mixture increases the incidence only of benign neoplasms 
or lesions of uncertain neoplastic potential, or of cettain neoplasms which may 
occur spontaneously in high incidences in certain strains. 

II. Considerations of Potency for Labelling Limits 

159. The considerations as laid out below were excerpted from the Report of the Meeting of the 
Working Group on Harmonisation of Classification and Labelling of Carcinogens, Washington, DC, 
17~18 October 1995. 

Purpose 

160. The purpose of establishing a potency scheme to be used for labelling of substances, 
preparations (mixtures) and contaminants is to provide for practical minimum levels of carcinogens 
in substances for which labelling would be required. It will result in labelling highly potent 
materials more strictly and less potent materials less strictly. A further purpose is to eliminate 
unnecessary labelling. In addition, use of a potency scheme may encourage risk reduction through 
purification of chemical substances or reformulating preparations. 

Background 

161. A large number of chemicals have been classified as carcinogenic and placed into various 
categories for labelling or other regulatory purpose. Chemicals that have been identified as 
carcinogenic may also occur as components of preparations (mixtures), impurities or additives. 
Gold and co-authors (Environ Health Perspect 79: 259, 1989) calculated doses from animal testing 
which result in tumours in half the dosed animals (ID50 values span a range of more than eight 
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orders of magnitude). Most classification systems do not take into account the wide range of 
potencies of these chemicals. 

162. Carcinogens are in some countries divided into three potency groups: high, medium and 
low. Potency is in these instances determined using dose-response data in the observed dosing 
range for laboratory animals. Additional indicators of potency such as tumour site and species 
specificity, or species differences in toxicokinetics may also be used. Such potency groups are used 
to set upper limits for the classification of substances as carcinogens and for the purpose of initiating 
labelling. They have also been used for the classification aud determination of labelling provisions 
for preparations (mixtures) of carcinogenic chemicals. 

163. Some countries have implemented a scheme where 0.1% is used as a default limit value 
for labelling of substances and preparations (mixtures) as carcinogens with sufficient data for 
carcinogenicity. In these countries chemicals with medium carcinogenic potency are labelled if they 
occur in chemical substances at or above this level. Many carcinogenic compounds fall into the 
medium range. Carcinogens with high potency might be classified and labelled at lower levels and 
carcinogens with low potency could be classified and labelled only when they occur at higher levels. 
Some countries usc I% as a default limit value for low potency carcinogens and for carcinogens 
with more limited data. 

164. Some regulatory authorities do not have the obligation to perform potency dete1minations. 
If a chemical carcinogen is a candidate for a potency rating outside of the default range, S11ch 
chemicals should be rcfened to an intcmational group for its determination. 

Observations 

165. The Working Group agreed that it would be useful to explore further the concept of using 
potency to make labelling decisions. Initial thoughts of the Worlcing Group are presented here. 

166. Potency ranking of carcinogens should not be determined or refined more precisely than 
by ten~fold factors in light of differences in species response, tumour types and the limits of 
standardisation of test protocols. In light of these points, a scheme for classification and labelling 
pmposcs which separates carcinogens into potency groupings serves t11e practical purposes listed 
above. 

167. The usc of potency for establishing limits docs not preclude the ability of authorities to 
perform quantitative risk assessments of exposures to carcinogenic substances for regulatory 
purposes. 

168. Potency determinations should be based on well performed studies which are peer 
reviewed, performed according to good laboratory practices, or arc deemed acceptable by regulatory 
authorities. 
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PURPOSE, BASIS, AND APPLICABILITY 

169. The purpose of the harmonised system for the classification of chemicals which may cause 
an adverse effect on reproduction in humans is to provide a common ground which could be used 
internationally for the classification of reproductive toxicants. 

170. The system is hazard based, classifying chemicals on the basis of intrinsic ability to 
produce an adverse effect on reproductive function or capacity, and/or Oil development of the 
offspring. The present system involves consideration of any substance-related adverse effect on 
reproduction seen in humans, or observed in appropriate tests conducted in experimental animals. 

171. The Explanatory Notes provide essential guidance and should be regarded as an integral 
part of the Classification System. 

REPRODUCTIVE TOXICITY: DEFINITIONS 

172. Reproductive toxicity includes adverse effects on sexual function and fertility in adult 
males and females, as well as developmental toxicity in the offspring. The definitions presented 
below are adapted from those agreed at the IPCS/OECD Workshop for the Harmonisation of Risk 
Assessment for Reproductive and Developmental Toxicity, Carshalton, UK, 17-21 October, 1994. 
For classification purposes, the known induction of genetically-based inheritable effects in the 
offSpring is addressed elsewhere, since in the present classification system it is considered more 
appropriate to address such effects under the separate end-point of germ-cell mutagenicity. 

173. In this classification system, reproductive toxicity is subdivided under two main headings: 

a) Adverse effects on reproductive ability or capacity 

174. Any effect of chemicals that would interfere with reproductive ability or capacity. This 
may include, but not be limited to, alterations to the female and male reproductive system, adverse 
effects on onset of puberty, gamete production and transport, reproductive cycle nonuality, sexual 
behaviour, fertility, parturition, premature reproductive senescence, or modifications in other 
functions that arc dependent on the integrity of the reproductive systems. 

175. Adverse effects on or via lactation can also be included in reproductive toxicity, but for 
classification pnrposes, such effects are treated separately (sec paragraph 183). This is because it is 
desirable to be able to classify chemicals specifically for adverse effect on lactation so that a specific 
hazard warning about this effect can be provided for lactating mothers. 
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b) Adverse effects on development of the offspring 

176. Taken in its widest sense, developmental toxicity includes any effect which interferes with 
normal development of the conceptus, either before or after birth, and resulting from exposure of 
either parent prior to conception, or exposure of the developing offspring during prenatal 
development, or postnatally, to the time of sexual maturation. 

177. However, it is considered that classification under the heading of developmental toxicity is 
primarily intended to provide hazard warning for pregnant women and men and women of 
reproductive capacity. Therefore, for pragmatic purposes of classification, developmental toxicity 
essentially means adverse effects induced during pregnancy, or as a result of parental exposure. 
These effects can be manifested at any point in the life span of the organism. The major 
manifestations of developmental toxicity include (I) death of the developing organism, (2) structural 
abnormality, (3) altered growth, and (4) functional deficiency. 

CLASSIFICATION 

Weight of Evidence 

178. Classification as a reproductive toxicant is made on the basis of an assessment of the total 
weight of evidence. This means that all available information that bears on the dctennination of 
reproductive toxicity is considered together. Included arc such infonnation as epidemiological 
studies and case reports in humans and specific reproduction studies along with sub-chronic, chronic 
and special study results in animals that provide relevant infOrmation regarding toxicity to 
reproductive and related endocrine organs. Evaluation of substances chemically related to the 
material under study may also be included, particularly when infom1ation on the material is scarce. 
The weight given to the available evidence will be influenced by factors such as the quality of the 
studies, consistency of results, nature and severity of effects, level of statistical significance for 
intergroup differences, number of endpoints affected, relevance of route of administration to humans 
and freedom from bias. Both positive and negative results are assembled together into a weight of 
evidence determination. However, a single, positive study performed according to good scientific 
principles and with statistically or biologically significant positive results may justify classification 
(see also paragraph 180). 

179. Toxicokinetic studies in animals and humans, site of action and mechanism or mode of 
action study results may provlde relevant infonnation, which could reduce or increase concerns 
about the hazard to human health. If it can be conclusively demonstrated that the clearly identified 
mechanism or mode of action has no relevance for humans or when the toxicokinetic differences are 
so marked that it is certain that the hazardous property will not be expressed in humans then a 
substance which produces an adverse effect on reproduction in experimental animals should not be 
classified. 

180. In some reproductive toxicity studies in experimental animals the only effects recorded 
may be considered of low or minimal toxicological significance and classification may not 
necessarily be the outcome. These include for example small changes in semen parameters or in the 
incidence of spontaneous defects in the foetus, small changes in the proportions of common foetal 
variants such as are observed in skeletal examinations, or in foetal weights, or small differences in 
postnatal developmental assessments. 
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!St. Data from animal studies ideally should provide clear evidence of specific reproductive 
toxicity in the absence of other, systemic, toxic effects. However, if developmental toxicity occurs 
together with other toxic effects in the dam, the potential influence of the generalised adverse effects 
should be assessed to the extent possible. The preferred approach is to consider adverse effects in 
the embryo/foetus first, and then evaluate maternal toxiciry, along with any other factors which are 
likely to have influenced these effects, as part of the weight of evidence. In general, developmental 
effects that are observed at maternal toxic doses should not be automatically discounted. 
Discounting developmental effects that are observed at maternal toxic doses can only be done on a 
case-by-case basis when a causal relationship is established or refuted. 

182. If appropriate information is available it is important to try to determine whether 
developmental toxicity is due to a specific maternally mediated mechanism or to a non-specific 
secondary mechanism, like maternal stress and the disruption of homeostasis. Generally, the 
presence of maternal toxicity should not be used to negate findings of embryo/foetal effects, unless 
it can be clearly demonstrated that the effect.<; are secondary non-specific effects. This is especially 
the case when the effects in the offspring are significant, e.g. irreversible effects such as structural 
walfonnations. In some situations it is reasonable to asS\Imc that reproductive toxicity is due to a 
secondary consequence of maternal toxicity and discowtt the effects, for example if the chemical is 
so toxic that dam~ fail to thrive and there is severe inanition; they arc incapable of nursing pups; or 
they are prostrate or dying. 

Hazard classes 

183. For the purpose of classification for reproductive tox1c1ty, chemical substances are 
allocated to one of two categories. Effects on reproductive ability or capacity, and on 
development, are considered as separate issues. 

CATEGORY 1: 

KNOWN OR PRESUMED HUMAN REPRODUCTIVE OR DEVELOPMENTAL 
TOXICANT 

This Category includes substances which are known to have produced an adverse effect on 
reproductive ability or capacity or on development in humans or for which there is evidence 
from animal studies, possibly supplemented with other infonnatiou, to provide a strong 
presumption that the substance has the capacity to interfere with reproduction in humans. 
For regulatory purposes, a S\tbstance can be further distinguished on the basis of whether tlle 
evidence for classification is primarily from human data (Category lA} or from animal data 
(Category !B). 

CATEGORY IA: KNOWN to have produced an adverse effect on reproductive 
ability or capacity or on development in humans. The·placing of the substance In this 
category is largely based on evidence from humans. 

CATEGORY IB: PRESUMED to produce an adverse effect on reproductive ability or 
capacity or on development in humans. The placing of the substance In this category is 
largely based on evidence from experimental animals. Data from animal studies 
should provide clear evidence of specific reproductive toxicity in the absence of other 
toxic effects, or if occurring together with other toxic effects the adverse effect on 
reproduction is considered not to be a secondary non-specific consequence of other 
toxic effects. However, when there is mechanistic information that raises doubt about 
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the relevance of the effect for humans, classification in Category 2 may be more 
appropriate. 

CATEGORY2: 

SUSPECTED HUMAN REPRODUCTIVE OR DEVELOPMENTAL TOXICANT 

This Category includes substances for which there is some evidence from humans or 
experimental animals,- possibly supplemented with other infonmtion- of an adverse effect 
on reproductive ability or capacity, or on development, in the absence of other toxic effects, 
ot if occmTing together with other toxic effects the adverse effect on reproduction is 
considered not to be a secondary non-specific consequence of the other toxic effects, and 
where the evidence is not sufficiently convincing to place the substance in Category I. For 
instance, deficiencies in the study may make the quality of evidence less convincing, and in 
view of this Category 2 could be the more appropriate classification. 

EFFECTS ON OR VIA LACTATION 

Effects on or via lactation are allocated to a separate single category. 1t is appreciated that 
for many substances there is no information on the potential to cause adverse effects on the 
offspring via lactation. However, for substances which are absorbed by women and have 
been shown to interfere with lactation or which may be present (including metabolites) in 
breast milk in amounts sufficient to cause concern for the health of a breastfed child, should 
be classified to indicate this property hazardous to breastfed babies. This classification can 
be assigned on the basis of: 

(a) absorption, metabolism, distribution and excretion studies that would indicate the 
likelihood the substance would be present in potentially toxic levels in brea<;t milk; and/or 

(b) results of one or two generation studies in animals which provide clear evidence of 
adverse effect in the offspring due to transfer in the milk or adverse effect on the quality of 
the milk; and/or 

(c) human evidence indicating a hazard to babies during the lactation period. 

BASIS OF CLASSIFICATION 

184. Classification is made on the basis of the appropriate criteria, outlined above, and an 
assessment of the total weight of evidence. Classification as a reproductive or developmental 
toxicant is intended to be used for chemicals which have an intrinsic, specific property to produce an 
adverse effect on reproduction or development and chemicals should not be so classified if such an 
effect is produced solely as a non-specific scconda1y consequence of other toxic effects. 

185. In the evaluation of toxic effects on the developing offspring, it is important to consider 
the possible influence of maternal toxicity. 

186. For human evidence to provide the primary basis for a Category lA classification there 
must be reliable evidence of adverse effect on reproduction in humans. Evidence used for 
classification should ideally be from well conducted epidemiological studies which include the use 
of appropriate controls, balanced assessment, and due consideration of bias or confounding factors. 
Less rigorous data from studies in humans should be supplemented with adequate data from studies 
in experimental animals and classification in Category IB should be considered. 
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187. Data already generated for classifying chemicals w1der ex1st1ng systems should be 
acceptable when reviewing these chemicals with regard to classification under the harmonised 
system. Further testing should not nonnally be necessary. 

EXPLANATORY NOTES 

Maternal toxicity 

188. Development of the offspring throughout gestation and during the early post~natal stages 
can be influenced by toxic effects in the mother either through non-specific mechanisms related to 
stress and the disruption of maternal homeostasis, or by specific matcmally-mediatcd mcchanis!lls. 
So, in the interpretation of the developmental outcome to decide classification for dcvclopmcutal 
effects it is impo1tant to consider the possible influence of maternal toxicity. This is a complex 
issue because of uncertainties surrounding the relationship between maternal toxicity and 
developmental outcome. Expert judgemcut and a weight of evidence approach, using all available 
studies, should be used to determine the degree of influence that should be attributed to matenml 
toxicity when interpreting the criteria for classification for developmental effects. The adverse 
effects in the embryo/foetus should be first considered, and then maternal toxicity, along with any 
other factors which are likely to have influenced these effects, as weight of evidence, to help reach a 
conclusion about classification. 

189. Based on pragmatic observation, it is believed, that maternal toxicity may, depending on 
severity, influence development via non~specific secondary mechanisms, producing effects such as 
depressed foetal weight, retarded ossification, and possibly resorptions and certain malformations in 
some strains of certain species. However, the limited number of studies which have investigated the 
relationship between developmental effects and general maternal toxicity have failed to demonstrate 
a consistent, reproducible relationship across species. Developmental effects which occur even in 
the presence of maternal toxicity are considered to be evidence of developmental toxicity, unless it 
can be unequivocally demonstrated on a case by case basis that the developmental effects are 
secondary to maternal toxicity. Moreover, classification should be considered where there is 
significant toxic effect in the offspring, e.g. irreversible effects such as structural malformations, 
embryo/foetal lethality, significant post-natal functional deficiencies. 

190. Classification should not automatically be discounted for chemicals that produce 
developmental toxicity only in association with maternal toxicity, even if a specific maternally­
mediated mechanism has been demonsb.-atcd. In such a case, classification in Category 2 may be 
considered more appropriate than Category I. However. when a chemical is so toxic that maternal 
death or severe inanition results, or the dams are prostrate and incapable of nursing the pups, it may 
be reasonable to assume that developmental toxicity is produced solely as a secondary consequence 
of maternal toxicity and discount the developmental effects. Classification may not necessarily be 
the outcome in the case of minor developmental changes e.g. small reduction in foetaVpup body 
weight, retardation of ossification when seen in a<;sociation with maternal toxicity. 

191. Some of the end points used to assess maternal toxicity arc provided below. Data on these 
end points, if available, needs to be evaluated in light of their statistical or biological significance 
and dose response relationship. 

Maternal Mo1tality: An increased incidence of mortality among the treated darus over 
the controls should be considered evidence of maternal toxicity if the increase occurs in a 
dose-related manner and can be attributed to the systemic toxicity of the test material. 
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Maternal mortality greater than 10% is considered excessive and the data for that dose 
level should not normally be considered for further evaluation. 

Mating Index (no. animals with seminal plugs or spenn/no. mated x J 00) 1 

Fertilitv Index (no. animals with implants/no. of matings x 100)1 

Gestation Lenl':th (if allowed to deliver) 

Body Weight and Body Weight Change: Consideration of the maternal body weight 
change and/or adjusted (concctcd) maternal body weight should be included in the 
evaluation of maternal toxicity whenever such data arc available. The calculation of a 
adjusted (corrected) mean maternal body weight change, which is the difference between 
the initial and tenninal body weight minus the gravid uterine weight (or altemativcly, the 
sum of the weights of the foetuses), may indicate whether the effect is maternal or 
intrauterine. In rabbit~, the body weight gain may not be useful indicators of maternal 
toxicity because ofnonual fluctuations in body weight during pregnancy. 

Food and Water Consumption (if relevant): The observation of a significant decrease in 
the average food or water consumption in treated dams compared to the control group 
may be useful in evaluating maternal toxicity, patticularly when the test material is 
administered in the diet or drinking water. Changes in food or water consumption should 
be evaluated in conjunction with maternal body weights when determining if the effects 
noted arc reflective of maternal toxicity or more simply, unpalatability of the test 
material in feed or water. 

Clinical evaluations (including clinical signs, markers, hacmatology and clinical 
chemistry studies): The observation of incrca~ed incidence of significant clinical signs 
of toxicity in treated dams relative to the control group may be useful in evaluating 
maternal toxicity. If this is to be used as the basis for the a~scss!llcnt of maternal 
toxicity, the types, incidence, degree and duration of clinical signs should be reported in 
the study. Examples of frank clinical signs of maternal intoxication include: coma, 
prostration, hyperactivity, loss of righting reflex, ataxia, or laboured breathing. 

Post-mortem data: Increased incidence and/or severity of post-mortem findings may be 
indicative of maternal toxicity. This can include gross or microscopic pathological 
findings or organ weight data, e.g., absolute organ weight, organ-to-body weight ratio, or 
organ-to-brain weight ratio. When supported by findings of adverse histopathological 
effects in the affected organ(s), the observation of a significant change in the average 
weight of suspected target organ(s) of treated dams, compared to those in the control 
group, may be considered evidence ofmatcmal toxicity. 

Potency and cut-off doses 

192. In the present scheme, the relative potency of a chemical to produce a toxic effect on 
reproduction is not included in the criteria for reaching a conclusion regarding classification. 
Nevertheless, during the development of this scheme it was suggested that cut-off dose levels should 
be included, in order to provide some means of assessing and categorising the potency of chemicals 
for the ability to produce an adverse effect on reproduction. This concept has not been readily 
accepted by all member countries because of concerns that any specified cut-off level may be 
exceeded by human exposure levels in certain situations, e.g. inhalation of volatile solvents, the 

t. It is recognised that this index can also be affected by the male. 

58 



198

ENV /JMIMON0(200 I )6 

level may be inadequate in cases where humans are more sensitive than the animal model, and 
because of disagreements about whether or not potency is a component of hazard. 

193. There has been interest in this concept to further consider it as a future development of the 
classification scheme. 

Limit dose 

194. Member countries appear to be in agreement about the concept of a limit dose, above 
which the production of an adverse effect may be considered to be outside the criteria which lead to 
classification. However, there is disagreement between members regarding the inclusion within the 
criteria of a specified dose as a limit dose. Some Test Guidelines specifY a limit dose, other Test 
Guidelines qualify the limit dose with a statement that higher doses may be necessary if anticipated 
human exposure is sufficiently high that an adequate margin of exposure would not be achieved. 
Also, due to species differences in toxicokinetics, establishing a specific limit dose may not be 
adequate for situations where humans are more sensitive than the animal model. 

195. In principle, adverse effects on reproduction seen only at very high dose levels iu animal 
studies (for example doses that induce prostration, severe inappetence, excessive mortality) would 
not normally lead to classification, unless other information is available. e.g. toxicokinetics 
information indicating that humans may be more susceptible than animals, to suggest that 
classification is appropriate. Please also refer to the section on Maternal Toxicity for further 
guidance in this area. 

196. However, specification of the actual 'limit dose' will depend upon the test method that has 
been employed to provide the test results, e.g. in the OECD Test Guideline for repeated dose 
toxicity studies by the oral route, an upper dose of 1000 mg/kg unless expected human response 
indicates the need for a higher dose level, has been recommended as a limit dose. 

Animal and experimental data 

197. A number of internationally accepted test methods are available; these include methods for 
developmental toxicity testing (e.g., OECD Test Guideline 414, ICH Guideline S5A, 1993), 
methods for peri- and post-natal toxicity testing (e.g. ICH S5B, 1995) and methods for one or two­
generation toxicity testing (e.g. OECD Test Guidelines 415, 416). 

198. Results obtained from Screening Tests (e.g. OECD Guidelines 421 
Reproduction/Developmental Toxicity Screening Test, and 422- Combined Repeated Dose Toxicity 
Study with Reproduction/Development Toxicity Screening Test) can also be used to justify 
classification, although it is recognised that the quality of this evidence is less reliable than that 
obtained from full studies. 

199. Adverse effects or changes, seen in short- or long-term repeated dose toxicity studies, 
which are judged likely to impair reproductive ability or capacity and which occur in the absence of 
significant generalised toxicity, may be used as a ba<>is for cla<>sification, e.g. histopathological 
changes in the gonads. 

200. Evidence from in vitro assays, or non-mammalian tests, and from analogous substances 
using structure-activity relationship (SAR), can contribute to the procedure for classification. In all 
cases of this nature, expert judgement must be used to assess the adequacy of the data. Inadequate 
data should not be used as a primary suppOit for classification. 
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201. It is preferable that animal studies are conducted using appropriate routes of administration 
which relate to the potential route of human exposure. However, in practice, reproductive toxicity 
studies are commonly conducted using the oral route, and such studies will normally be suitable for 
evaluating the hazardous properties of the substance with respect to reproductive toxicity. However, 
if it can be conclusively demonstrated that the clearly identified mechanism or mode of action has 
no relevance for humans or when the toxicokinetic differences are so marked that it is certain that 
the hazardous property will not be expressed in humans then a substance which produces an adverse 
effect on reproduction in experimental animals should not be classified. 

202. Studies involving routes of administration such as intravenous or intraperitoneal injection, 
which may result in exposure of the reproductive organs to unrealistically high levels of the test 
substance, or elicit local damage to the reproductive organs, e.g. by irritation, must be interpreted 
with extreme caution and on their own would not nonnaliy be the basis for c\a<;siflcation. 
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IL\nMoNISED sys'fEM~OR THE CLASSIFICATION oFtiiEMICALs wHicii ·•·· 
CAUSE SPECIJ!iC TARGET ORGAN ORIENTED SYSTEMiC TOXICITY!iOLLOWJNG . . .. . . .. .. . . . . .. . . A $INGLE EXPOSURE . . .. ··. . .. · .. ·.. .. . ... .. . 

PURPOSE, BASIS AND APPLICABILITY 

203. The purpose of this document is to provide a means of classifying substances that produce 
specific, non lethal target organ/systemic toxicity arising from a single exposure. All significant 
health effects that can impair function, both reversible and irreversible, immediate and/or delayed 
are included. 

204. Specific target organ/systemic toXICity following a repeated exposure is classified 
elsewhere in the GHS as a separate chapter, and therefore, is excluded from the present chapter. 
Other specific toxic effects, such as acute lethality/toxicity, eye and skin corrosivity/irritation, skin 
and respiratory sensitisation, carcinogenicity, mutagenicity and reproductive toxicity are assessed 
separately in the GHS and con~cquently arc not included here. 

205. Specific target organ/systemic toxicity can occur by any route that is relevant for humans, 
i.e., principally oral, dcnnal or inhalation. 

DEFINITIONS 

206. Classification identifies the chemical substance as being a specific target organ/systemic 
toxicant and, as such, it may present a potential for adverse health impact to people who are exposed 
to it. 

207. Classification depeuds upon the availability of reliable evidence that a single exposure to 
the substance has produced a consistent and identifiable toxic effect in humans, or, in experimental 
animals, toxicologicaily significant changes which have affected the function or morphology of a 
tissue/organ, or has produced serious changes to the biochemistry or haematology of the organism 
and these changes are relevant for human health. It is recognised that human data will be the 
primary source of evidence for this end point. 

208. Assessment should take into consideration not only significant changes in a single organ 
or biological system but also generalised changes of a less severe nature involving several organs. 

CLASSIFICATION 

209. Substances arc classified for immediate or delayed effects separately by the nse of expert 
judgement on the basis of the weight of all evidence available, including the usc of recommended 
guidauce values (see paragraphs 219-223). Then substances are placed in ol!e of two categories, 
depending upon the nature and severity of the effcct(s) observed. 
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CATEGORY!: 
SUBSTANCES THAT HAVE PRODUCED SIGNIFICANT TOXICITY IN HUMANS, 
OR THAT, ON THE BASIS OF EVIDENCE FROM STUDIES IN EXPERIMENTAL 
ANIMALS CAN BE PRESUMED TO HAVE THE POTENTIAL TO PRODUCE 
SIGNIFICANT TOXICITY IN HUMANS FOLLOWING SINGLE EXPOSURE 

Placing a substance in Category 1 is done on the basis of: 
• reliable and good quality evidence from human cases or epidemiological studies; 

m, 
• observations from appropriate studies in experimental animals in which significant and/or 

severe toxic effects of relevance to human health were produced at generally low exposure 
concentrations. Guidance dose/concentration values are provided below (see paragraphs 
219-223) to be used as part of weight-of-evidence evaluation. 

CATEGORY2: 
SUBSTANCES THAT, ON THE BASIS OF EVIDENCE FROM STUDIES IN 
EXPERIMENTAL ANIMALS CAN BE PRESUMED TO HAVE THE POTENTIAL TO 
BE HARMFUL TO HUMAN HEALTH FOLLOWING SINGLE EXPOSURE 

Placing a substance in Categol}' 2 is done on the basis of observations from appropriate studies 
in experimental animals in which significant toxic effects, of relevance to human health, were 
produced at generally moderate exposure concentrations. Guidance dose/concentration values 
are provided below (see paragraphs 219-223) in order to help in classification. 

In exceptional cases, human evidence can also be used to place a substance in Catcg01y 2 (see 
paragraph 214). 

For both categories the classified substance may be named for specific target organ/system that 
has been primarily affected, or as a general systemic toxicant. Attempts should be made to 
determine the primary target organ of toxicity and classifY for that purpose, e.g. hepatoxicants, 
neurotoxicants. One should carefully evaluate the data and, where possible, not inch1de 
secondary effects, e.g., a hepatotoxin can secondarily produce effects of the nervous or gastro­
intestinal systems. 

210. The classified substance should be named for the relevant route of exposure. 

Criteria 

211. Classification is dctcnnined by expert judgement, on the basis of the weight of all 
evidence available including the guidance presented below. 

212. Weight of evidence of all data, including human incidents, epidemiology, and studies 
conducted in experimental animals, is used to substantiate specific target organ/systemic toxic 
effects that merit classification. 

213. The information required to evaluate specific target organ/systemic toxicity comes either 
from single exposure in humans, e.g., exposure at home, in the workplace or environmentally, or 
from studies conducted in experimental animals. The standard animal studies in rats or mice that 
provide this infonnation arc acute toxicity studies which can include clinical observations and 
detailed macroscopic and microscopic cxanrination to enable the toxic effects on target 
tissues/organs to be identified. Results of acute toxicity studies conducted in other species may also 
provide relevant information. 
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214. In exceptional cases, based on expert judgement, it may be appropriate to place certain 
substances with human evidence of target organ/systemic toxicity in Category 2: (1) when the 
weight of human evidence is not sufficiently convincing to warrant Category l classification, 
and/or (2) based on the nature and severity of effects. Dose/concentration levels in humans should 
not be considered in the classification and any available evidence from animal studies should be 
consistent with the Category 2 classification. In other words, if there are also animal data available 
on the chemical that warrant Category l classification, the chemical should be classified as Category 
I. 

Effects Considered To Support Classification 

215. Evidence associating single exposure to the substance with a consistent and identifiable 
toxic effect. 

216. It is recognised that evidence from human experience/incidents is usually restricted to an 
adverse health consequence often with uncertainty about exposure conditions, and may not provide 
the scientific detail that can be obtained from well-conducted studies in experimental animals. 

217. Evidence from appropriate studies in experimental animals can fi1mish much more detail, 
in the form of clinical observations, and macroscopic and microscopic pathological examination -
and this can often reveal hazards that may not be life-threatening but could indicate functional 
impairment. Consequently all available evidence, and relevance to human health, must be taken 
into consideration in the classification process. Examples of relevant toxic effects in humans and/or 
animals are provided below: 

• Morbidity resulting from single exposure. 

• Significant functional changes in the central or peripheral nervous systems or other organ 
systems, including signs of central nervous system depression and effects on special senses 
(e.g., sight, hearing and sense of smell). 

• Any consistent and significant adverse change in clinical biochemistry, haematology, or 
urinalysis parameters. 

• Significant organ damage that may be noted at necropsy and/or subsequently seen or 
confirmed at microscopic examination. 

• Multifocal or diffuse necrosis, fibrosis or granuloma formation in vital organs with 
regenerative capacity. 

• Morphological changes that are potentially reversible but provide clear evidence of marked 
organ dysfunction. 

• Evidence of appreciable cell death (including ceil degeneration and reduced cell number) in 
vital organs incapable of regeneration. 

Effects Considered Not To Support Classification: 

218. It is recognised that effects maybe seen that would not justifY classification. Examples of 
such effects in humans and/or animals are provided below: 

• Clinical observations or small changes in bodyweight gain, food consumption or water 
intake that may have some toxicological importance but that do not, by themselves, indicate 
"significant" toxicity. 
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• Small changes in clinical biochemistry, haematology or urinalysis parameters and/or 
transient effects, when such changes or effects arc of doubtful or minimal toxicological 
importance. 

• Changes in organ weights with no evidence or organ dysfunction. 

• Adaptive responses that are not considered toxicologically relevant. 

• Substance-induced species-specific mechanisms of toxicity, Le. demonstrated with 
reasonable certainty to be not relevant for human health, should not justify classification. 

• Where there are only local effects, at the site of administration for the routes tested, and 
especially when adequate testing by other principal routes show lack of specific target 
organ/systemic toxicity. 

Guidance values to assist with classification based on the results obtained from studies 
conducted in experimental animals 

219. In order to help reach a decision about whether a substance should be classified or not, and 
to what degree it wm1ld be classified (Category I vs. Category 2), dose/concentration 'guidance 
values' arc provided for consideration of the dose/concentration which has been slwwn to produce 
significant health effects. The principal argument for proposing stJch guidance values is that all 
chemicals arc potentially toxic and there has to be a reasonable dose/concentration above which a 
degree oftoxic effect is acknowledged. 

220. Thus, in animal studies, when significant toxic effects arc observed, that wonld indicate 
classification, consideration of the dosclconcentration at which these effecl<; were seen, in relation to 
the suggested guidance valnes, can provide useful information to help assess the need to classify 
(since the toxic effects arc a consequence of the hazardous propetty(ics) and also the 
dosc/conccntrati on). 

221. The guidance value ranges proposed for single-dose exposure which has produced a 
significant non-lethal toxic effect are those applicable to acute toxicity testing, as indicated in Table 
4 below: 

Table 4: Guidance value ranges for single-dose exposures 

Guidance value ranges for: 

Route of exposure Units Category 1 Category 2 classification 
classification 

Oral (rat) mg/kgbw c<300 2000 > c > 300 

Dennal (rat or rabbit) mglkg bw c< 1000 2000 > c > 1000 

Inhalation (rat) gas ppm c <2500 5000 > c > 2500 

Inhalation (rat) vapour mg/1 c.::: 10 202-_c> 10 

Inhalation (rat) mgil/4h c.:::: 1.0 5.0:::c> 1.0 
dust/mist/fume 
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222. It is important to recognise that the guidance values and ranges mentioned in paragraph 
221 above are intended only for guidance purposes, i.e., to be used as part of the weight of evidence 
approach, and to assist with decision about classification. They are not intended as strict 
demarcation values. 

223. Thus it is feasible that a specific profile of toxicity is seen to occur at a dose/concentration 
below the guidance value, cg. <2000 mglkg bw by the oral route, however the nature of the effect 
may result in the decision not to classify. Conversely, a specific profile of toxicity may be seen in 
animal studies occurring at or above a guidance value, cg. ~000 mglkg bw by the oral route, and in 
addition there is supplementary infonnation from other sources, e.g. other single dose studies, or 
lmman case experience, which supports a conclusion that, in view of the weight of evidence, 
classification would be the prudent action to take. 

RATIONALE FOR THE PROPOSED SYSTEM 

224. When a chemical is characterised only by usc of animal data (typical of new chemicals, 
but also true for many existing chemicals), the classification process would include reference to 
dose/concentration guidance values as one of the elements that contribute to the weight of evidence 
approach. 

225. When well-substantiated human data are available showing a specific target 
organ/systemic toxic effect that can be reliably attributed to single exposure to a chemical substance, 
the substance may be classified. Positive human data, regardless of probable dose, predominates 
over animal data. Thus, if a chemical is unclassified because specific target organ/systemic toxicity 
observed was considered not relevant or significant to humans, if subsequent human incident data 
become available showing a specific target organ/systemic toxic effect, the substance should be 
classified. 

226. A chemical that has not been tested for specific target organ/systemic toxicity may in 
certain instances, where appropriate, be classified on the basis of data from a validated structure 
activity relationship and expert judgement-based extrapolation from a structural analogue that has 
previously been classified together with substantial support fi:om consideration of other important 
factors such as fonnation of common significant metabolites. 

227. It is recognised that saturated vapollr concentration may be used as an additional clement 
by some regulatory systems to provide for specific health and safety protection. 
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PURPOSE, BASIS AND APPLICABILITY 

228. The purpose of this document is to provide a means of classifying substances that produce 
specific target organ/systemic toxicity arising from repeated exposure that is not specifically 
addressed elsewhere in the harmonised classification system (GHS). All significant health effects 
that can impair function, both reversible and irreversible, following repeated or long-tem1 exposure, 
are included. Other specific toxic effects, such as acute lethality/toxicity, eye and skin 
corrosivity/irritation, skin and respiratory sensitisation, carcinogenicity, mutagenicity and 
reproductive toxicity are assessed separately in the GHS and consequently are not included in this 
chapter. 

229. Non-lethal toxic effects observed after a single-event exposure are classified elsewhere in 
the GHS as a separate chapter and, therefore, are excluded from the present chapter. 

230. Specific target organlsystentic toxicity can occur by any route that is relevant for humans, 
i.e., principally oral, demml or inhalation. 

DEFINITIONS 

231. Classification identifies the chemical substance as being a specific target organ/systemic 
toxicant and, as such, it may present a potential for adverse health impact to people who are exposed 
to it. 

232. Classification depends upon the availability of reliable evidence that Tepeated exposure to 
the substance has produced a consistent and identifiable toxic effect in humans, or, in experimental 
animals, toxicologically significant changes which have affected the function or morphology of a 
tissue/organ, or has produced serious changes to the biochemistry or haematology of the organism 
and these changes are relevant for human health. 

233. Assessment of specific target organ/systemic toxicity should take into consideration not 
only significant changes in a single organ or biological system but also generalised changes of a less 
severe nature involving several organs. 

CLASSIFICATION 

234. Substances arc classified as specific target organ/systemic toxicant by cxpcttjudgement on 
the basis of the weight of all evidence available, including the use ofrccounncndcd guidance values 
which take into accmmt the duration of exposure and the dose/concentration which produced the 
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effect(s), (see paragraphs 244-252), and are placed in one of two categories, depending upon the 
nature and severity of the effect(s) observed. 

CATEGORYl: 

SUBSTANCES THAT HAVE PRODUCED SIGNIFICANT TOXICITY IN HUMANS~ 
OR THAT, ON THE BASIS OF EVIDENCE FROM STUDIES IN EXPERIMENTAL 
ANIMALS CAN BE PRESUMED TO HAVE THE POTENTIAL TO PRODUCE 
SIGNIFICANT TOXICITY IN HUMANS FOLLOWING REPEATED EXPOSURE. 

Placing a substance in Category I is done on the basis of 
• reliable and good quality evidence from human cases or epidemiological studies; or, 
• observations from appropriate studies in experimental animals in which significant and/or 

severe toxic effects, of relevance to human health, were produced at generally low 
exposure concentrations. Guidance dose/concentration values arc provided below (see 
paragraphs 244*252) to be used as pan ofweight*of* evidence evaluation. 

CATEGORY2: 

SUBSTANCES THAT, ON THE BASIS OF EVIDENCE FROM STUDIES IN 
EXPERIMENTAL ANIMALS CAN BE PRESUMED TO HAVE THE POTENTIAL 
TO BE HARMFUL TO HUMAN HEALTH FOLLOWING REPEATED EXPOSURE. 

Placing a substance in Category 2 is done on the basis of observations from appropriate 
studies in experimental animals in which significant toxic effects, of relevance to hulllan 
health, were produced at generally moderate exposure concentrations. Guidance 
dose/concentration values arc provided below (sec paragraphs 244*252) in order to help in 
classification. 

In exceptional cases human evidence can also be 11sed to place a substance in Category 2 
(see paragraph 239). 

The classified substance may be named for the specific target organ/system that has been 
ptimarily affected, or generally as a general systemic toxicant. Attempts should be made to 
determine the primary target organ of toxicity and classify for that purpose, e.g., 
hepatotoxicants, neurotox.icants. One should carefully evaluate the data and, where possible, 
uot include secondary effects, e.g. hepatotoxin can secondarily produce effects of the 
nervous or gastro-intestinal systems. 

235. The classified substance should be nan1cd for the relevant route of exposure. 

Criteria 

236. Classification is determined by expert judgement, on the basis of the weight of all 
evidence available including the guidance presented below. 

237. Weight of evidence of all data, including human incidents, epidemiology, and studies 
conducted in experimental animals, is used to substantiate specific target organ/systemic toxic 
effects that merit classification. This taps the considerable body of industrial tox.icolO!,'Y data 
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collected over the years. Evaluation should be based on all existing data, including peer-reviewed 
published studies and additional data acceptable to regulatory agencies. 

238. The information required to evaluate specific target organ/systemic toxicity comes either 
from repeated exposure in humans, e.g., exposure at home, in the workplace or environmentally, or 
from studies conducted in experimental animals. The standard animal studies in rats or mice that 
provide this infonnation are 28 day, 90 day or lifetime studies (up to 2 years} that include 
haematological, clinicochemical and detailed macroscopic and microscopic examination to enable 
the toxic effects on target tisS\!Cs/organs to be identified. Data from repeat dose studies pcrfonned 
in other species may also be used. Other long~tenn exposure studies, eg. for carcinogenicity, 
neurotoxicity or reproductive toxicity, may also provide evidence of specific target organ/systemic 
toxicity that could be used in the assessment of classification. 

239. In exceptional cases, based on expert judgement, it may be appropriate to place certain 
substances with human evidence of target organ/systemic toxicity in Category 2: (I} when the 
weight of human evidence is not sufficiently convincing to warrant Category 1 classification, 
and/or (2} based on the nature and severity of effects. Dose/concentration levels in h\lmans should 
not be considered in the classification and any available evidence from animal studies should be 
consistent with the Category 2 classification. In other words, if there arc also animal data available 
on the chemical that warrant Category 1 classification, the chemical should be classified as Class!. 

Effects Considered To Support Classification: 

240. Reliable evidence associating repeated exposure to the substance with a consistent and 
identifiable toxic effect. 

241. It is recognised that evidence from human experience/incidents is usually restricted to an 
adverse health consequence, often with uncertainty about exposure conditions, and may not provide 
the scientific detail that can be obtained from well~conducted studies in experimental animals. 

242. Evidence from appropriate studies in experimental animals can furnish nmch more detail, 
in the fonn of clinical observations, haematology, clinical chemistry, and macroscopic and 
microscopic pathological examination ~ and this can often reveal hazards that may not be life~ 
threatening but could indicate functional impairment. Consequently all available evidence, and 
relevance to human health, must be taken into consideration in the classification process. Examples 
of relevant toxic effects in humans and/or animals are provided below: 

• Morbidity or deatl1 resulting from repeated or long~te1m exposure. Morbidity or death may 
result from repeated exposure, even to relatively low doses/concentrations, due to 
bioacct!mulation of the substance or its metabolites, or accum11lation of effect owing to the 
ability of the de~toxi:fication process becoming overwhelmed by repeated exposure to the 
substance or its metabolites. 

• Significant functional changes in the central or peripheral nervous systems or other organ 
systems, including signs of central nervous system depression and effects on special senses 
(e.g., sight, hearing and sense of smell). 

• Any consistent and significant adverse change in clinical biochemistry, hacmatology, or 
urinalysis parameters. 

• Significant organ damage that may be noted at necropsy and/or subsequently seen or confinncd 
at microscopic examination. 
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• Multifocal or diffuse necrosis, fibrosis or granuloma formation in vital organs with regenerative 
capacity. 

• Morphological changes that are potentially reversible but provide clear evidence of marked 
organ dysfunction (e.g., severe fatty change in the liver). 

• Evidence of appreciable cell death (including cell degeneration and reduced cell number) in 
vital organs incapable of regeneration. 

Effects Considered Not To Suppmt Classification: 

243. It is recognised that effects may be seen that would not justify classification. Examples of 
such effects in humans and/or animals are provided below: 

• Clinical observations or small changes in bodyweight gain, food consumption or water intake 
that may have some toxicological importance but that do not, by themselves, indicate 
"sig;Jiificant" toxicity. 

• Small changes in clinical biochemistry, haematology or urinalysis parameters and lor transient 
effects, when such changes or effects are of doubtful or minimal toxicological importance. 

• Changes in organ weights with no evidence or organ dysfunction. 

• Adaptive responses that are not considered toxicologically relevant. 

• Substance-induced species-specific mechanisms of toxicity, i.e. demonstrated with reasonable 
certainty to be not relevant for human health, should not justify classification. 

Guidance values to assist with classification based on the results obtained from studies 
conducted in experimental animals 

244. In studies conducted in experimental animals, reliance on observation of effects alone, 
without reference to the duration of experimental exposure and dose/concentration, omits a 
fundamental concept of toxicology, i.e., all substances are potentially toxic, and what determines the 
toxicity is a function of the dose/concentration and the duration of exposure. In most studies 
conducted in experimental animals the test guidelines use an upper limit dose value. 

245. In order to help reach a decision about whether a substance should be classified or not, and 
to what degree it would be classified (Category I vs. Category 2), dose/concentration 'guidance 
values' are provided for consideration of the dose/concentration which has been shown to produce 
significant health effects. The principal argument for proposing such guidance values is that all 
chemicals are potentially toxic and there has to be a reasonable dose/concentration above which a 
degree of toxic effect is acknowledged. Also, repeated-dose studies conducted in experimental 
animals are designed to produce toxicity at the highest dose used in order to optimise the test 
objective - and so most studies will reveal some toxic effect at least at this highest dose. What is 
therefore to be decided is not only what effects have been produced, but also at what 
dose/concentration they were produced and how relevant is that for humans. 

246. Thus, in animal studies, when significant toxic effects arc observed, that would indicate 
classification, consideration of the duration of experimental exposure and the dose/concentration at 
which these effects were seen, in relation to the suggested guidance values, can provide useful 
information to help assess the need to classify (since the toxic effects arc a consequence of the 
hazardous propcrty(ics) and also the duration of exposure and the dose/concentration). 
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247. The decision to classify at all can be influenced by reference to the dosc!concentration 
guidance values at or below which a significant toxic effect has been observed. 

248. The guidance values proposed refer basically to effects seen in a staudard 90-day toxicity 
study conducted in rats. They can be used as a basis to extrapolate equivalent !,>uidancc values for 
toxicity studies of greater or lesser duration, using dose/exposure time extrapolation similar to 
Haber's rule for inhalation, which states essentially that the effective dose is directly proportional to 
the exposure concentration and the duration of exposure. The assessment should be done on a case­
by-case basis; e.g., for a 28-day study the guidance values below would be increased by a factor of 
three. 

149. Thus for Category I classification, significant toxic effects observed in a 90-day repeated­
dose study conducted in experimental auimals and seen to occur at or below the (suggested) 
guidance values as indicated in Table 5 below would justify classification: 

Table 5: Guidance values to assist in Category I classification 

Route of exposure Units Guidance values 
(dose/concentration) 

Oral (rat) mg!kgbw/d !0 

Dennal(rat or rabbit) mglkgbw/d 20 

Inhalation (rat)gas pprnl6hfd 50 

Inhalation (rat)vapour mgllitre/6h/d 0.2 

Inhalation (rat) dust/mist/fume mg/litre/6hld 0.02 

250. For Category 2 classification, significant toxic effects observed in a 90-day repeated-dose 
study conducted in experimental animals and seeu to occur within the (suggested) guidance value 
ranges as indicated in Table 6 below would justify classification: 

Table 6: Guidance values to assist in Category 2 classification 

Route of Exposure Units Guidance Value Ranges: 
(do sci concentration) 

Oral (rat) mg/kgbw/d !0-!00 

Dermal (rat or rabbit) mg/kgbw/d 20-200 

Inhalation (rat) gas ppm/6hld 50-250 

Inhalation (rat)vapour tng/litre/6hld 0.2-LO 

Inhalation (rat) dust/mist/fume mg/litrc/6b/d 0.02-0.2 

251. It is important to recognise that the !,'Uidance values and ranges mentioned in paragraphs 
249 and 250 are intended only for guidance purposes, i.e., to be used as part of the weight of 
evidence approach, and to assist with decisions about classification. They arc not intended as sn·ict 
demarcation values. 
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252. Thus it is feasible that a specific profile of toxicity is seen to occur in repeat-dose animal 
studies at a dose/concentration below the guidance value, eg. <100 mg/kg bw/day by the oral route, 
however the nature of the effect, e.g., nephrotoxicity seen only in male rats of a particular strain 
known to be susceptible to tllis effect may result in the decision not to classify. Conversely, a 
specific profile of toxicity may be seen in animal studies occurring at or above a guidance value, eg. 
2:100 mg!kg bw/day by the ora! route, and in addition there is supplementary information from other 
sources, e.g., other long-term administration studies, or human case experience, which supports a 
conclusion that, in view of the weight of evidence, classification would be the prudent action to 
take. 

RATIONALE FOR THE PROPOSED SYSTEM 

253. When a chemical is characterised only by use of animal data (typical of new chemicals, 
but also true for many existing chemicals), the classification process would include reference to 
dose/concentration guidance values as one of the elements that contribute to the weight of evidence 
approach. 

254. When well-substantiated human data are available showing a specific target 
organ/systemic toxic effect that can be reliably attributed to repeated or prolonged exposure to a 
chemical substance, the substance may be classified. Positive human data, regardless of probable 
dose, predominates over animal data. Thus, if a chemical is unclassified because no specific target 
organ/systemic toxicity was seen at or below the proposed dose/concentration guidance value for 
animal testing, if subsequent human incident data become available showing a specific target 
organ/systemic toxic effect, the substance should be clrtssificd. 

255. A chemical that has not been tested for specific target organ/systemic toxicity may in 
certain instances and, where appropriate, be classified on the basis of data from a validated structure 
activity relationship and expert judgement-based extrapolation from a structural analogue that has 
previously been cla<;siticd together with substantial suppott from consideration of other important 
factors such as formation ofc01mnon significant metabolites. 

256. It is recognised that saturated vapour concentration may be used as an additional dement 
by some regulatory systems to provide for specific health and safety protection. 
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PURPOSE, BASIS AND APPLICABILITY 

257. The harmonised system for classifying chemical substances for the hazards they present to 
the aquatic environment is based on a consideration of the existing systems listed below. The 
aquatic environment may be considered in terms of the aquatic organisms that live in the water, and 
the aquatic ecosystem of which they are part. To that extent, the proposal does not address aquatic 
pollutants for which there may be a need to consider effects beyond the aquatic environment such as 
the impacts on hwnan health etc. The basis, therefore, of the identification of hazard is the aquatic 
toxicity of the substance, although this may be modified by further information on the degradation 
and bioaccumulation behaviour. 

258. The proposed system is intended specifically for use with chemical substances and is not 
intended at this stage to cover preparations or other mixtures such as fonnulated pesticides. Its 
application to mixtures is described in Part 3, Chapter 3.9. While the scheme is intended to apply to 
all substances, it is recognised that for some substances, e.g. metals, poorly soluble substances etc., 
special guidance will be necessary. 

259. A Guidance Document lias been prepared to cover issues such as data interpretation and 
the application of the criteria defined below to such !:,'TOups of substances. Considering the 
complexity of this endpoint and the breadth of the application of the system, the Guidance 
Document is considered an important element in the operation of the harmoniscd scheme (sec 
Annex 2 of this document). 

260. Consideration has been given to existing classification systems as currently in nse, 
including the EU Supply and Usc Scheme, the revised GESAMP (Group of Experts on the 
Scientific Aspects of Marine Environmental Protection) hazard evaluation procedure, IMO Scheme 
for Marine Pollutant, the European Road and Rail Transport Scheme (RID/ADR), the Canadian and 
US Pesticide systems and the US Land Transport Scheme. The harmoniscd scheme is considered 
suitable for use for packaged goods in both supply and use and multimodal transport schemes, and 
elements of it may be used for bulk land transport and bulk mm·ine transport under MARPOL 73n8 
Annex II insofar as this uses aquatic toxicity. 

DEFINITIONS AND DATA REQUIREMENTS 

261. The basic elements for use within the hannonised system are: 

acute aquatic toxicity; 
potential for or actual bioaccumulation; 
dCJ:,'Tadation (biotic or abiotic) for organic chemicals; and 
chronic aquatic toxicity. 

262. While data from internationally hannoniscd test methods arc preferred, in practice, data 
from national methods may also be used where they arc considered a<; equivalent. In general, it has 

72 



212

ENV/JM!MON0(200!)6 

been agreed that freshwater and matine species toxicity data can be considered as equivalent data 
and are preferably to be derived using OECD Test Guidelines or equivalent according to the 
principles of GLP. Where such data are not available classification should be based on the best 
available data. 

Acute toxicity 

263. Acute aquatic toxicity would normally be determined using a fish 96 hour LC50 (OECD 
Test Guideline 203 or equivalent), a crustacea species 48 hour EC50 (OECD Test Gttidclinc 202 or 
equivalent) and/or an algal species 72 or 96 hour EC50 (OECD Test Guideline 20 I or equivalent). 
These species are considered as surrogate for ali aquatic orgrutisms and data on other species such as 
Lcnma may also be considered if the test methodology is suitable. 

Bioaccumulation potential 

264. The potential for bioaccumulation would nonnally be dctcnnincd by using the 
octanol/water partition coefficient, usually reported as a log Kow detennincd by OECD Test 
Guideline 107 or 117. While this represents a potential to bioaccumulatc, an experimentally 
detClmincd Bioconccntration Factor (BCF) provides a better measure and should be used in 
prcfcrCllcc when available. A BCF should be dctcnnined according to OECD Test Guideline 305. 

Rapid dcgradability 

265. Environmental degradation may be biotic or abiotic (e.g. hydrolysis) and the criteria used 
reflect this fact (Annex I). Ready biodegradation can most easily be defined using the OECD 
biodegradability tests OECD Test Guideline 30 I (A - F). A pass level in these tests can be 
considered as indicative of rapid degradation in most environments. These are freshwater tests and 
thus the usc of the results from OECD Test Guideline 306 which is more suitable for marine 
environments has also been included. Where such data are not available, a BOD(5 days)ICOD ratio 
>0.5 is considered as indicative of rapid degradation. 

266. Abiotic degradation such as hydrolysis, primary degradation, both abiotic and biotic, 
degradation in non-aquatic media and proven rapid degradation in the envirorunent may all be 
considered in defining rapid degradability. Special guidance on data interpretation will be provided 
in the Guidance Document. 

Chronic toxicity 

267. Chronic toxicity data arc less available than acute data and the range of testing procedures 
Jess standardised. Data generated according to the OECD Test Guidelines 210 (Fish Early Life 
Stage), or 211 (Daphnia Reproduction) and 201 (Algal Growth Inhibition) can be accepted. Other 
validated and internationally accepted tests could also be used. The NOECs or other equivalent 
L(E)Cx should be used. · 

CLASSIFICATION CATEGORIES AND CRITERIA 

268. Substances classified under the following criteria will be categorised as 'hazardous to the 
aquatic environment'. These criteria describe in detail the classification categories detailed 
diagrammatically in Appendix 2 to this chapter. 
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Acute toxicity 

Category: Acute I 
Acute toxicity: 

96 hr LC50 (forf1sh) ~lmg/L and/or 
48 hr EC50 (for crustacea) ::;I mg!L and/or 
72 or 96hr ErC50 (for algae or other aquatic plants) :51 mg/L. 

Category: Acute I may be subdivided for some regulatory systems to include a lower band at 
L(E)Cso <0.1 mg(L. 

Categorv: Acute II 
Acute toxicity: 

96 hr LCso (for fish) >I - :510 mg!L and/or 
48 hr EC50 (for crustacea) >I - :510 mg/L and/or 
72 or 96hr ErC50 (for algae or other aquatic plants) >I -<10 111g/L 

Categorv: Acute Ill 
Acute toxicity: 

96 hr LCso(forfish) >10-:5I00mg/L and/or 
48 hr ECso (for crustacea) >10-:5!00mg!L and/or 
72 or 96hr ErC50 (for algae or other aquatic plants) >10- :5100mg/L. 

Some regulatory systems may extend this range beyond an L(E)C50 of I 00 mg!L through the 
introduction of another category. 

Chronic toxicity 

Categorv: Chronic I 
Acute toxicity: 

96 hr LCso (for fish) ~I mg/L and/or 
48 hr ECso (for crustacea) ~I mg!L and/or 
72 or 96hr ErC50 (for algae or other aquatic plants) ~I mg/L 

and the substance is not rapidly degradable and/or the log Kow ~ 4 (unless the 
experimentally determined BCF <500). 

) Categorv: Chronic II 
Acute toxicity 

96 hr LC50 (for fish) > 1 to ~1 0 mgiL and/or 
48 hr EC5o (for crustacea) >I to ~10 mg/L and/or 
72 or 96hr ErC50 (for algae or other aquatic plants) >I to~!Omg!L 

and the substance is not rapidly degradable and/or the log Kow 2:4 (unless the experimentally 
determined BCF <500), unless the chronic toxicity NOECs are> 1 mg/L 

Categorv: Chronic IIJ 
Acute toxicity: 

96 hr LC50 (for fish) >I 0 to ~I 00 mg/L and! or 
48 hr EC50 (for crustacea) > 10 to ~100 mg!L and! or 
72 or96hr ErC50 (for algae or other aquatic plants) >!Oto~!OOmg/L 

and the substance is not rapidly degradable and/or the log Kow 2:4 (unless the experimentally 
determined BCF <500) unless the chronic toxicity NOECs arc> I n{g!L. 
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Cate!!orv: Chronic IV 
Poorly soh1blc substances for which no acute toxicity is recorded at levels up to the water 
solubility, and which are not rapidly degradable and have a log Kow ~ 4, indicating a 
potential to bioaccumulate, will be classified in this category unless other scientific evidence 
exists showing classification to be unnecessary. Such evidence would include an 
experimentally determined BCF <500, or a chronic toxicity NOECs > 1 mg/L, or evidence of 
rapid degradation in the environment. 

RATIONALE FOR THE SYSTEM 

269. The system for classification recognises that the core intrinsic hazard to aquatic organisms 
is represented by both the acute and chronic toxicity of a substance, the relative importance of which 
is determined by the specific regulatory system in operation. Distinction can be made between the 
acute hazard and the chronic hazard and therefore separate hazard categories are defmed for both 
properties representing a gradation in the level of hazard identified. The lowest of the available 
toxicity values will normally be used to define the appropriate hazard category(ies). There may be 
circumstances, however, when a weight of evidence approach may be used. Acute toxicity data are 
the most readily available and the tests used are the most standardised. For that reason, these data 
form the core of the classification system. 

270. Acute toxicity represents a key property in defining the hazard where transport of large 
quantities of a substance may give rise to short-term dangers arising from accidents or major 
spillages. Hazards categories up to L(E)C50 values of 100 mg!L are thus defined although 
categories up to 1000 mg!L may be used in certain regulatory frameworks. The Acute: Category I 
may be further sub-divided to include an additional category for acute toxicity L(E)C50 <::;0.1 mg!L in 
certain regulatory systems such as that defmed by MARPOL 73178 Annex II. It is anticipated that 
their use would be restricted to regulatory systems concerning bulk transport. 

271. For packaged substances it is considered that the principal hazard is defined by chronic 
toxicity, although acute toxicity at L(E)C50 levels <::;1 mg!L are also considered hazardous. Levels of 
substances up to 1 mg/L arc considered as possible in the aq11atic environment following nonnal usc 
and disposal. At toxicity levels above this, it is considered that the shmt-tenn toxicity itself docs not 
describe the p1inciple hazard, which arises from low concentrations causing effects over a longer 
time scale. Thus, a number of hazard categories are defined which are based on levels of chronic 
aquatic toxicity. Chronic toxicity data are not available for many substances, however, and it is 
necessary to use the available data on acute toxicity to estimate this property. The intrinsic 
properties of a lack of rapid dcgradability and/or a potential to bioconccntratc in combination with 
acute toxicity may be used to assign a substance to a chronic hazard category. Where chronic 
toxicity is available showing NOECs > 1 mg!L, this would indicate that no classification in a chronic 
hazard category would be necessary. Equally, for substances with an L(E)C50 >100 mg!L, the 
toxicity is considered as insufficient to warrant classification in most regulatory systems. 

272. While the current system will continue to rely on the use of acute toxicity data ill 
combination with a lack of rapid degradation and/or a potential to bioaccumulate as the basis for 
classification for assigning a chronic hazard category, it is recognised that actual chronic toxicity 
data would form a better basis for classification where these data are available. It is thus the 
intention that the scheme should be further developed to accommodate such data. It is anticipated 
that in such a further development, the available chronic toxicity data would be used to classify in 
the chronic hazard in preference to that derived from their acute toxicity in combination with a lack 
of rapid degradation and/or a potential to bioaccumulatc. 
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273. Recognition is given to the classification goals of MARPOL 73/78 Annex II which covers 
the transport of bulk quantities in ships tanks, which are aimed at regulating operational discharges 
from ships and assigning of suitable ship types. They go beyond that of protecting aquatic 
ecosystems, although that clearly is included. Additional hazard categories may thus be used which 
take account of factors such as physico-chemical properties and mammalian toxicity. 

EXPLANATORY NOTES 

274. The organisms fish, cru~tacca and algae are tested as surrogate species covering a range of 
trophic levels and taxa, and the test methods are highly standardised. Data on other organisms may 
also be considered, however, provided they represent equivalent species and test endpoints. The 
algal growth inhibition test is a chronic test but the EC50 is treated as an acute value for 
classification purposes. This EC50 should nmmally be based on growth rate inhibition. If only the 
EC50 based on reduction in biomass is available, or it is not indicated which EC50 is reported, this 
value may be used in the same way. 

275. Aquatic toxicity testing by its nature, involves the dissolution of the substance under test 
in the water media used and the maintenance of a stable bioavailable exposure concentration over 
the course of the test. Some substances arc difficult to test under standard procedures and thus 
special guidance has been developed on data interpretation for these substances and how the data 
should be 11sed when applying the classification criteria (Annex 3 to this document). 

276. It is the bioaccumulation of substances within the aquatic organisms that can give rise to 
toxic effects over longer time scales even when actual water concentrations are low. The potential 
to bioaccumulate is determined by the partitioning between n-octanol and water. The relationship 
between the partition coefficient of an organic substance and its bioconcentration as measured by 
the BCF in fish has considerable scientific literature support. Using a cut-offvaluc of log K(o/w) ~ 
4 is intended to identity only those substances with a real potential to bioconcentratc. In recognition 
that the log P(o/w) is only an imperfect surrogate for a measured BCF, such a mea<;ured value would 
always take precedence. A BCF in fish of <500 is considered as indicative of a low level of 
bioconcentration. 

277. Substances that rapidly degrade can be quickly removed front the environment. While 
effects can occur, pruticularly in the event of a spillage or accident, they will be localised and of 
shmt duration. The absence of rapid degradation in the environment can mean that a substance in 
the water has the potential to exert toxicity over a wide temporal and spatial scale. One way of 
demonstrating rapid degradation utilises the biodegradation screening tests designed to detennine 
whether a substance is 'readily biodegradable'. Thus a substance which passes this screening test is 
one that is likely to biodegrade 'rapidly' in the aquatic environment, and is thus unlikely to be 
persistent. However, a fail in the screening test does not necessarily mean that the substance will 
not degrade rapidly in the environment. Thus a further criterion was added which would allow the 
use of data to show that the substance did actually degrade biotically or abiotically in the aquatic 
environment by >70% in 28 days. Thus, if degradation could be demonstrated under 
environmentally realistic conditions, then the definition of 'rapid degradability' would have been 
met. Many degradation data are available in the fom1 of degradation half-lives and these can also be 
used in defining rapid degradation. Details regarding the interpretation of these data is further 
elaborated in the Guidance Document (Annex 3). Some tests measure the ultimate biodegradation 
of the substance, i.e. full mineralisation is achieved. Primary biodegradation would not nonnaily 
quality iu the assessment of rapid dcgradability unless it can be demonstrated that the degradation 
products do not fulfil the criteria for classification as hazardous to the aquatic environment. 
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278. It must be recognised that environmental degradation may be biotic or abiotic (e.g. 
hydrolysis) and the criteria used reflect this fact. Equally, it must be recognised that fuiling the 
ready biodegradability criteria in the OECD tests does not mean that the substance will not be 
degraded rapidly in the real environment. Thus where such rapid degradation can be shown, the 
substance should be considered as rapidly degradable. Hydrolysis can be considered if the 
hydrolysis products do not fulfil the criteria for classification as hazardous to the aquatic 
environment. A specific definition of rapid degradability is included as Appendix l. Other 
evidence of rapid degradation in the environment may also be considered and may be of particular 
importance where the substances arc inhibitory to microbial activity at the concentration levels used 
in standard testing. The range of available data and guidance on its interpretation are provided in 
the Guidance Document (Annex 2). 

279. For inorganic compounds and metals, the concept of dcgradability as applied to organic 
compounds has limited or no meaning. Rather the substance may be transformed by normal 
environmental processes to either increase or decrease the bioavailability of the toxic species. 
Equally the use ofbioaccumulation data should be treated with care. Specific guidance is provided 
in Annex 2 on how these data for such materials may be used in meeting the requirements of the 
classification critctia. 

280. Poorly soluble inorganic compounds and metals may be acutely or chronically toxic in the 
aquatic environment depending on the intrinsic toxicity of the bioavailablc inorganic species and the 
rate and amount of this species which may enter solution. A protocol tOr tcsti11g these poorly 
soluble materials is being developed and is included in Annex 3. 

28 I. The system also introduces as 'safety net' classification (Category: Chronic IV) for usc 
when the data available do not allow classification under the formal criteria but there are 
nevertheless some grounds for concern. The precise criteria are not defmed with one exception. For 
poorly water soluble organic substances for which no toxicity has been demonstrated, classification 
can occur if the substance is both not rapidly degraded and has a potential to bioaccumulate. It is 
considered that for such poorly soluble substances, the toxicity may not have been adequately 
assessed in the short-term test due to the low exposure levels and potentially slow uptake into the 
organism. The need for this classification can be negated by demonstrating the absence of long­
term effects, Le. a long-tenn NOECs > water solubility or I mg/L, or rapid degradation in the 
environment. 

282. While experimentally derived test data are preferred, where no experimental data arc 
available, validated Quantitative Structure Activity Relationships (QSARs) for aquatic toxicity and 
log Kow may be used in the classification process. Such validated QSARs may be used without 
modification to the agreed criteria, if restricted to chemicals for which their mode of action and 
applicability arc well characterised. Validity may be judged according to the ctiteria established 
within the USEPA!EU/Japan Collaborative Project. Reliable calculated toxicity and log Kow values 
should be valuable in the safety net context. QSARs for predicting ready biodegradation are not yet 
sufficiently accurate to predict rapid degradation. 
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APPENDIX 1 to Chapter 2.10: 

RAPID DEGRADABILITY 

Substances arc considered rapidly degradable in the environment if the following etitctia hold true: 

a) if in 28-day ready biodegradation studies, the following levels of degradation arc achieved; 

-tests based on dissolved organic carbon: 70% 

-tests based on oxygen depletion or carbon dioxide generation: 60% of theoretical maxima 

These levels of biodegradation must be achieved within I 0 days of the start of degradation which 
point is taken as the time when lO% of the Sllbstance has been degraded. 

oc 

b) if, in those cases where only BOD and COD data arc available, when the ratio ofBOD5/COD is 
~0.5 

oc 

c) if other convincing scientific evidence is available to demonstrate that the substance can be 
degraded (biotically and/or abiotically) in the aquatic environment to a level >70% within a 28 day 
period. 
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APPENDIX 2 to Chapter 2.10: 

Classification Scheme for Substances Hazardous to the Aquatic Environment 

Toxicity Degradability Bioaccumulation Classification categories 
(note 3) (note 4) 

ct'"'~) note 1 1;non1~ note 2 Acute Chronic 

Box I BoxS Box 6 Category: Category: 
value::,; 1.00 Acute I Chronic I 

Box 1 Boxes 1+5+6 
Boxes 1+5 
Boxes 1+6 

Box2 Categorv: Category: 
Acute II Chronic II 

1.00 <value lack of rapid BCF ;::= 500 or, Box2 Boxes 2+5+6 
::,; 10.0 degradability if absent Boxes 2+5 

log Kow2: 4 Boxes 2+6 
Unless Box 7 

Box3 Categon•: Categorv: 
10.0 <value Acute III Chronic Ill 

Box3 Boxes 3+5+6 
Boxes 3+5 

::,; 100 Boxes 3+6 
Unless Box 7 

Box4 Box 7 CategorY: 
jN~ acute value> Chronic IV 
toxicity (note 5) 1.00 Boxes 4+5+6 

Unless Box 7 

Notes to the table: 

Note Ia. Acute toxicity band based on L(E)C~SO values in mg!L for fish, crustacea and/or algae or 
other aquatic plants (or QSAR estimation if no experimental data). 

Note I b. Where the algal toxicity ErC-50 [ = EC.50 (growth rate)] falls more than 100 times below 
the next most sensitive species and results in a classification based solely on this effect, 
consideration should be given to whether this toxicity is representative of the toxicity to 
aquatic plants. Where it can be shown that this is not Ute case, professional judgement 
should be used in deciding if classification should be applied. Classification should be 
based on the ErC-50. In circumstances where the basis of the EC-50 is not specified and 
no ErC>50 is recorded, classification should be based on the lowest EC-50 available. 

Note 2a. Chronic toxicity band based on NOEC values in mg/L for fish or crustacea or other 
recognised measures for long-term toxicity. 

Note 2b. It is the intention that the system be further developed to include chronic toxicity data. 
Note 3. Lack of rapid degradability is based on either a lack of Ready Biodegradability or other 

evidence of lack of rapid degradation. 
Note 4. Potential to bioaccumulate, based on an experimentally derived BCF 2: 500 or, if absent, a 

log Kow ;::: 4 provided log Kow is an appropriate descriptor for the bioaccumulation 
potential of the substance. Measured log Kow values take precedence over estimated 
values and mcasmcd BCF values take precedence over log Kow values. 

Note 5. "No acute toxicity'' is taken to mean that the L(E)C~50 is above the water solubility. Also 
for poorly soluble substances, (w.s. < 1.00 mg/L), wl1ere there is evidence that the acute 
test would not have provided a true measure of the intrinsic toxicity. 
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GENE~ lNTROilllcTION AND CONSIDERATIONS 

INTRODUCTlON 

283. Part 2 of this document describes the harrnonised classificatiou criteria for chemical 
Sllbstanccs for specific health and environmental endpoints, viz., acntc toxicity, skin and eye 
irritation/corrosion, contact and respiratory scnsitiscrs, germ cell mutagenicity, carcinogenicity, 
reproductive toxicity, specific target organ toxicity, and aquatic hazards in the environment. 

284. The development of these criteria for substances was part of the overall process to meet 
the objective defined, as one of six action programs, under Chapter XIX of the UN Conference on 
Environment and Development (UNCED) Agenda 21, namely: a globally hannoniscd hazard 
classification and compatible labelling system (GHS) including material safety data sheets and 
easily understood symbols. Part l of this document provides a description of the organisation and 
processes involved in the development of the GHS and the role of OECD, and should be consulted 
for further detaiL<;. 

285. OECD had formed an Advisory Group on Harmonisation of Classification and Labelling 
(AG-HCL) to pursue the development ofthc criteria for substances in the Integrated Document. An 
OECD Expert Group was subsequently formed to pursue the development of hazard classification 
criteria for chemical mixtures. The Expert Group on Classification Criteria for Chemical Mixtures 
followed similar processes to those established under the AG-HCL to achieve consensus on criteria 
for mixtures, including the development of documents in a stepwise manner as summarised below: 

Step l: 

A thorough analysis of existing classification systems, including the scientific basis for the 
system and its criteria, its rationale and explanation of the mode of use. 

Approaches analysis: 

Many complex issues were identified that would require some resolution before a Step 2 
document could be developed. Therefore, an analysis of these issues was ca.J.Tied out to 
identify critical issues togefuer with some approaches to resolution, as an intermediate step 
in the process. 

Step 2: 

A proposal for a harmonised classification system and criteria for each endpoint was 
developed. 

~ 

(a) The Expe1t Group on Classification Criteria for Chemical Mixtures reached consensus 
on a Step 2 proposal; or 

(b) Any specific non-consensus items were identified as altcmatives. 

Step 4: 
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The fmal proposal and any non-<:onsensus items were reviewed by the OECD AG-HCL and 
approved by the OECD Joint Meeting and subsequently submitted to the IOMC CG-HCCS 
for global implementation. 

286. As experience with the use of the system is accumulated, and as new scientific infotmation 
emerges, the test methods, the interpretation of the test data and the hannonised criteria per se may 
have to be updated. Thus, international work will continue to be needed in the future and, 
depending on the nature of the future international instrument for the implementation of the GHS, 
decisions will have to be made on the mechanism for carrying out the updating work in the future. 

GENERAL CONSIDERATIONS 

Scope of the Harmonised Classification System 

287. The work on hannonisation of hazard classification and labelling focuses on a h.:mnoniscd 
system for all chemicals and mixtures of chemicals. The application of the ingredients of the system 
may vary by type of product or stage of the life cycle. Tite classification system applies to pure 
chemical substances, and to mixtures of chemical substances. 

288. One objective of the hannoniscd classification system is for it to be simple and 
transparent with a clear distinction between categories in order to allow for self classification as far 
as possible. For many endpoints the criteria arc semi-quantitative or qualitative and expert 
judgement is required to interpret the data for classification purposes. Furthctmorc, for some 
endpoints, e.g., eye irritation, a decision tree approach is given as an example. 

289. Atticles as defined in the US OSHA Hazard Communication Standard (29 CFR 
1910.1200), or by similar definition, arc outside the scope of this document. 

Presentation of Criteria 

290. The GHS itself docs not include requirements for testing chemicals. Therefore, there is 
no requirement under the GHS to generate test data for any endpoint It is recognised that some 
paris of regulatory systems do require data to be generated (e.g., pesticides), but these requirements 
arc not related specifically to the GHS .. The criteria established for classifying a mixture will allow 
the usc of available data for the mixture itself and /or silnilar mixtures and /or data for ingredients of 
the mixture. 

291. Titc classification criteria arc presented in chapters, each of which is for a specific 
endpoint or a group of closely related endpoints. These chapters arc based on the criteria for 
substances presented in the Integrated DoctJmcnt. The recommended process of classification for all 
endpoints is in the following sequence: 

(I) Where test data arc available for the complete mixture, the classification of the mixture 
will always be based on that data. 

(2) Where test data are not available for the mixture itself, then the bridging principles 
should be considered to sec whether they permit classification of the mixture. 

(3) If (I) test data are not available for the mixttiTC itself, and (2), the available infommtion 
is not sufficient to allow application of the bridging principles then the agreed 
mcthod(s) described in each chapter for estimating the hazards based on the infonnation 
known will be applied to classify the mixture. 
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Test Methods and Test Data Quality' 

292. The classification of a mixrure, when it has been tested for a specific endpoint, depends 
both on the criteria for that endpoint and on the reliability of the test methods. In some cases the 
classification is determined by a pass or fail of a specific test, while in other cases, interpretations 
are made from dose I response curves and observations during testing. In ail cases, the test 
conditions need to be standardised so that the results are reproducible with a given mixture and the 
standardised test yields valid data for defining the endpoint of concern. In this context, validation is 
the process by which the reliability and the relevance of a procedure are established for a particular 
purpose. 

293. Tests that determine hazardous properties that are conducted according to internationally 
recognised scientific principles can be used for purposes of a hazard detenuination for health and 
environmental hazards. The GHS criteria for determining health and environmental hazards should 
be test method neutral, allowing different approaches as long as they are scientifically sound and 
validated according to interuational procedures and criteria already referred to in existing systems 
for the endpoint of concern and produce mutually acceptable data. 

Previously Classified Chemicals 

294. One of the general principles established by the IOMC-CG-HCCS states that test data 
already generated for the classification of chemicals under the existing systems should be accepted 
when classifying these chemicals under the barmonised system thereby avoiding duplicative testing 
and the unnecessary use of test animals. This policy has important implications in those cases 
where the criteria in the GHS arc different from those in the existing system. In some cases, it may 
be difficult to detcnninc the quality of existing data from older studies. In such cases, expert 
judgement will be needed. 

Substances I Mixtures Posing Special Problems 

295. The effect of a mixture on biological and environmental systems is infltJcnccd, inter alia, 
by the physico chemical properties of the mixture and I or the ingredient substances in the mixture 
and the way in which ingredient substances are biologically available. Some groups of substances 
may present special problems in this respect, for example, some polymers and metals. A mixture 
need not be classified when it can be shown by conclusive experimental data from internationally 
acceptable test methods that the mixture is not biologically available. Similarly, the result of such 
bioavailability data on ingredients of a mixture should be used in conjtmction with the hmmoniscd 
classification criteria when classifYing these mixtmcs. 

Animal Welfare 

296. The welfare of experimental animals is a concern. This ethical concern inch1dcs not only 
the alleviation of stress and suffering but also, in some countries, the use and consumption per se of 
test animals. Where possible and appropriate, tests and experiments that do not require the use of 
live animals arc preferred to those using sentient Jive experimental animals. To that end, for certain 
endpoints (e.g., skin and eye irritation/corrosion) testing schemes starting with non-animal 
observations/measurements are included as part of the classification system. For other endpoints 

1 Paragraphs 292-306 are similar or idcmical 10 paragraphs 17-31 of Pan I of this doeumcm. They arc 
repeated here in case Part 3 is used as a stand-alone documcm. 
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such as acute toxicity, alternative animal tests, using fewer animals or causing less suffering are 
internationally accepted and should be preferred to the conventional LD50 test. 

Expert Judgement 

297. Titc approach to classifying mixntrcs includes the application of expert judgement in a 
number of areas in order to ensure existing infomtation can be used for as many mixtures as 
possible to provide protection for human health and dte environment. 

Evidence from Humans 

298. For classification purposes, reliable epidemiological data and experience on the effects of 
chemicals on htJmans (e.g., occupational data, data from accident data bases) should be taken into 
account in the evaluation of human health hazards of a chemical. Testing on humans solely for 
hazard identification purposes is generally not acceptable. 

Weight of Evidence 

299. For son1e hazard endpoints, classification results directly when the data satisfy the criteria. 
For others, classification of a substance or mixture is made on the basis of the total weight of 
evidence. This means that all available infonnation bearing on the determination of toxicity is 
considered together, including the results of valid in vitro tests, relevant animal data, and human 
experience such as epidemiological and clinical studies and well-documented case reports and 
observations. 

300. The quality and consistency of the data are impottant. Evaluation of substances or 
mixtures related to the material under study should be included, as should site of action and 
mechanism or mode of action study results. Both positive and negative results arc assembled 
together in a single weight of evidence determination. 

301. Positive effects which are consistent with the criteria for classification in each chapter, 
whether seen in humans or animals, will normally justify classification. Where evidence is available 
from both sources and there is a conflict between the findings, the quality and reliability of the 
evidenCe from both sources must be assessed in order to resolve the question for classification. 
Generally, data of good quality and reliability in humans will have precedence over other data. 
However, even well-designed and conducted epidemiological studies may lack sufficient munbers 
of subjects to detect relatively rare but still significant effects, or to assess potentially confmmding 
factors. Positive results from well-conducted animal studies arc not necessruily negated by the lack 
of positive human experience but require an assessment of the robustness and quality of both the 
human and animal data relative to the expected frequency of occurrence of effects and the impact of 
potentially confounding factors. 

302. Route of cxposmc, mechanistic information and metabolism studies are pertinent to 
determining the relevance of an effect in h11mans. When such information raises doubt about 
relevance in humans, a lower classification may be warranted. When it is clear that the mechanism 
or mode of action is not relevant to humans, the substance or mixture should not be classified. 

303. Both positive and negative results arc assembled together in the weight of cvldcnce 
dctcnnination. However, a single positive study performed according to good scientific principles 
and with statistically and biologically significant positive results may justify classification. 
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BUILDING BLOCK APPROACH 

304. At various times during the development of hannonised classification criteria, concerns 
have arisen concerning the way a hannonised classification system might be used and whether it 
would meet the needs of its various end-users. 

305. OJ!e of the consequences oftbc application of the classification system is expressed in the 
lOMC CG/HCCS General Principle (c): 

"HarmonL<;ation means establishing a common and coherent basis for chemical hazard 
classification and commtmication, from which the appropriate clements relevant to means 
of transport, consumer, worker and environment protection can be selected." 

The application of the classification scheme may vary according to the circumstances, type of 
product and stage of the life cycle of the chemical. 

306. It is essential that the types and levels ofhazru:d<; be recognised as a fundamental basis for 
the harmoniscd classification system. For hazard classification the usc of categories and 
subcategories other than those specified in the GHS would be contrary to harmonisation. 

DEFINITIONS 

307. In order to ensure that everyone understands the provisions for classifying mixtures, 
definitions of certain terms are required. These definitions are for the purpose of evaluating or 
determining the hazards of a product for classification and labelling, and are not intended to be 
applied in other situations such as inventory reporting. The intent of the definitions as drawn is to 
ensure that 1) all products within the scope of the Globally Hannonised System are evaluated to 
determine their hazards, and are subsequently classified according to the GHS criteria as 
appropriate; and 2) the evaluation is based on the actual product involved, i.e., on a stable product. 
If a reaction occurs during manufacture aud a new product evolves, a new hazard evaluation and 
classification must take place to apply the GHS to the new product. 

308. The following have been accepted as "working definitions": 

Substance: Chemical elements and their compounds in the natural state or obtained by any 
production process, including any additive necessary to preserve the stability of the product 
and any impurities deriving from the process used, but excluding any solvent which may be 
separated without affecting the stability of the substance or changing its composition. 

Guidance on the use of hazard classification of a substance: Where impurities, additives or 
individual constituents of a substance have been identified and are themselves classified, 
they shall be taken into riccount during classification if they exceed the cut-off 
value/concentration limit for a given endpoint. 

Mixture: Mixtures or solutions composed of two or more substances in which they do not 
react. 

Alloy: An alloy is a metallic material, homogeneous on a macroscopic scale, consisting of 
two or more clements so combined that they cannot be readily separated by mcchru1ical 
means. Alloys are considered to be mixtures for the purpose of classification under the 
GHS. 
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309. It is recognised, as a practical matter, that some substances may react slowly with 
atmospheric gases, e.g., oxygen, carbon dioxide, water vapour, to form different substances; or they 
may react very slowly with other ingredient substances of a mixture to fonn different substances; or 
they may self-polymerise to form oligomers or polymers. However, the concentrations of different 
substances produced by such reactions are typically considered to be sufficiently low that they do 
not affect the hazard classification ofthe mixture. 

310. It is recognised that consistency must be maintained between the definitions used for 
substances and mixtures. 

Definition of"Ciassification" 

311. It is proposed to use the term hazard classification in the GHS, as opposed to 
classification, to indicate that only the intrinsic hazardous properties of substances or mixtures are 
considered. 

312. Hazard classification incorporates only 3 steps, viz., 

• identification of relevant data regarding the hazards of a substance or mixture 

• subscq11ent review of those data to ascertain the hazards a<;sociatcd with the substance 

or mixture, and 

• a decision on whether the substance or mixture will be classified as a hazardous 

substance or mixture and the dC6'ree of hazard, where appropriate, by compruison of the 

data with agreed hazard classification criteria. 

313. As noted by the lOMC Co-ordinating Group, it is recognised that once a chemical is 
classified, the likelihood of adverse effects may be considered in deciding what informational or 
other steps should be taken for a given product or usc setting (Ref: GHS Scope Clarification in 
Document- IOMC/CG13/99.2 dated l 1.08.98). 

The Use Of Cut-off Values/Concentration Limits 

314. When classifying an untested mixture through the hazards of its ingredients, generic cut­
offvalues or concentration limits for the classified ingredients of the mixture arc used for several 
endpoints in the GHS. While the adopted cut-offvalues/concentration limits adequately identifY the 
hazard for most mixtures, there may be some that contain hazardous ingredients in smaller 
concentrations than the harmonised cut-off value/concentration limit that still pose an identifiable 
hazard. There may also be cases where the harmonised cut-off value/concentration limit is 
considerably lower than could be expected on the basis of an established non-hazardous level for an 
ingredient 

315. Normally, the generic cut-off values/concentration limits adopted in the GHS shall be 
applied tmiformly in all jurisdictions and for all sectors. However, if the classifier has infonnation 
that the hazard of an ingredient will be evident below the generic cut-off/concentration limits, the 
mixture containing that ingredient must be classified accordingly. 

316. On occasion, conclusive data may show that the hazard of an ingredient will not be evident 
when present at a level above the generic GHS cut-offlconcentration limit{s). In these cases the 
mixture could be classified according to that data. The data should exclude the possibility that the 
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ingredient would behave in the mixture in a manner that would increase the hazard over that of the 
pure substance. Fwthermore, the mixture should not contain ingredients that would affect that 
deteJ.mination. 

317. Adequate documentation supporting the change in a generic cut-oft! concentration limit(s) 
should be retained and made available for review on request 

Synergistic or Antagonistic Effects 

318. When performing an assessment in accordance with the GHS requirements, the evaluator 
must take into account all available information about the potential occurrence of synergistic cftCcts 
among the ingredients of the mixture. Lowering classification of a mixture to a less hazardous 
category on the basis of antagonistic effects may be done only if the determination is suppoticd by 
stJfficicnt data. 

Endpoint Chapters 

319. Regarding the content of endpoint chapters: The cla<>sification criteria for stJbstanccs 
given in the Integrated Document will not be repeated in thel>e chapters unlcl>s it is necessary in 
order to clarifY the criteria for mixtures. 
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. HARlVlONISEDSYSTEMFOR THE !:LASSIFICATIONOFCHEI\UCAL !1-iD(TUJUis 
. . . . . ... WHICH CAUSEACU.TETOXICITX . . ....... · ... . 

GENERAL CONSIDERATIONS 

320. The harmonised criteria for the acute toxicity of substances are described in Part 2, 
Chapter 2.1 in this Document. The criteria for substances classify acute toxicity by usc of lethal 
dose data (tested or derived). For mixtures, it is necessary to obtain or deri.vc information that 
allows the criteria to be applied to the mixture for the purpose of classification. 

321. The approach to classification for acute toxicity is tiered, and is dependent upon the 
amount of information available for the mixhire itself and for its ingredients. The flow chart of 
Figure 3 below outlines the process to be followed: 

Figure 3: Tiered approach to classification of mixtures for acute toxicity 

Test Data on the Mixture as a Whole 

I 
J No Yes l 

Sufficient data 
available on similar y_, 
mixtures to estimate 

Apply bridging 
CLASSIFY principles paragraphs 

classification hazards 325-332 

~ No y"' 
Apply fommla in CLASSIFY 

A vailablc data paragraph 334 

for all ingredients 

~ No y~ 

Other data available Apply formula in CLASSIFY 
to estimate paragraph 334 
classification 

t No 
• Apply formula in paragraph 334 

CLASSIFY 
Convey hazards of the ____. (unknown ingredicms ~ I 0%) or 

known ingredients • Paragraph 338 (unknown 
ingrcdiems > 10%) 

88 



228

ENVIJMIMON0(200 1)6 

322. Classification of mixtures for acute tOXICity can be carried out for each route of 
exposure, but is only needed for one route of exposure as long as d1is route is followed (estimated or 
tested) for all ingredients. lf the acute toxicity is determined for more than one route of exposure, 
the more severe hazard level will be used for classification. All available information should be 
considered and all relevant routes of exposure should be identified for hazard communication. 

323. In order to make use of ail available data for purposes of classifYing the hazards of the 
mixtures, certain assumptions have been made and are applied where appropriate in the tiered 
approach: 

a) The "relevant ingredients" of a mixture arc those which are present in 
concentrations of I% (w/w for solids, liquids, dusts, mists and vapours and v/v for 
gases) or greater, unless there is a presumption that an ingredient present at a 
concentration of less than I% can still be relevant for classifYing the mixture for acute 

. . ' tOXICity. 

b) The acute toxicity estimate (ATE) for an ingredient in a mixture is detived using: 

• The LD50/LC50 where available, 
• The appropriate conversion value from Table 7 that relates to the results of a 

range test for an ingredient, or 
• The appropriate conversion value from Table 7 that relates to a classification for 

the ingredient. 

c) Where a classified mixture is used as an ingredient of another mixture, the actual or 
derived acute toxicity estimate (ATE) for that mixture may be used when calculating 
the classification of the new mixture using the fommlas in paragraph 334-338. 

CLASSIFICATION OF MIXTURES WHERE ACUTE TOXICITY TEST DATA ARE 
AVAILABLE FOR THE COMPLETE MIXTURE. 

324. Where the mixture itself has been tested to determine its acute toxicity, it will be classified 
according to the criteria that have been agreed for substances. In situations where such test data for 
the mixture are not available, the procedures presented below should be followed. 

CLASSIFICATION OF MIXTURES WHERE ACUTE TOXICITY TEST DATA ARE NOT 
AVAILABLE FOR THE COMPLETE MIXTURE. 

Bridging Principles 

325. Where the mixture itself has not been tested to dctcnnine its acute toxicity, but there arc 
sufficient data on the individual ingredients and similar tested mixtures to adequately characterise 
the hazards of the mixture, these data will be used in accordance with the following agreed bridging 
rules. Tills cnSitres that the classification process uses the available data to the greatest extent 
possible in characterising the hazards of the mixture without the necessity for additional testing iu 
animals. 

1 Ihis is particularly relevant in Jbe case or ingredients c!asslficd in Category l and Calcgory 2. 

89 



229

ENVIJMIMON0(2001)6 

Dilution 

326. lf a mixture is diluted with a substance that has an equivalent or lower toxicity 
classification than the least toxic original ingredient, and which is not expected to affect the toxicity 
of other ingredients, then the new mixture may be classified as equivalent to the original mixtw·e. 
Alternatively, the formula explained in paragraph 334 could be applied. 

327. lf a mixture is diluted with water or other totally non-toxic material, the toxicity of the 
mixture can be calculated from test data on the undiluted mixture. For example, if a mixture with an 
LD50 of 1000 mg/kg were diluted with an equal volume of water, the LDSO of the diluted mixture 
would be 2000 mg/kg. 

Batching 

328. The toxicity of one production batch of a complex mixture can be assumed to be 
substantially equivalent to that of another production batch of the same commercial product, and 
produced by or under the control of the same manufacturer, unless there is reason to believe there is 
significant variation such that the toxicity of the batch has changed. If the latter occurs, new 
classification is necessary. 

Concentration Of Highly Toxic Mixtures 

329. If a mixture is classified in Category I, and the concentration of the ingredients of the 
mixture that arc iu Category 1 is incrca~cd, the new mixture should be cla<;sificd in Category 1 
without additional testing. 

Intcmolation Within One Toxicity Category 

330. For three mixtures with identical ingredients, where A and B arc in the same toxicity 
category and mixture C has toxicologically active ingredients with concentrations intcnncdiatc to 
those in mixtures A and B, then mixture C is assumed to be in the same toxicity category as A and 
B. 

Substantially Similar Mixtures 

331. Given the following: 

a). Two mixtures: (i) A+ B 
(ii)C+B 

b). The concentration of ingredient B is essentially the same in both mixtures. 
c). The concentration of ingredient A in mixture (i) equals that of ingredient C in mixture (ii). 
d). Data on toxicity for A and C are available and substantially equivalent, Le. they arc in the 

same hazard category and arc not expected to affect the toxicity of B. 

lfmixture (i) is already classified by testing, mixture (li) can be assigned the same hazard category. 

Aerosols 

332. An aerosol form of a mixture may be classified in the same hazard category as the tested, 
non aerosolised fonn of the mixture for oral and dermal toxicity provided the added propellant does 
not affect the toxicity of the mixture on spraying. Classification of aerosolised mixtures for 
inhalation toxicity should be considered separately. 
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CLASSIFICATION OF MIXTURES BASED ON INGREDIENTS OF THE MIXTURE 
(ADDITIVITY FORMULA). 

Data Available For All Ingredients 

333. In order to ensure that classification of the mixture is accurate, and that the calculation 
need only be perfonned once for all systems, sectors, and categories, the acute toxicity estimate 
(ATE) of ingredients should be considered as follows: 

• Include ingredients with a known acute toxicity, which fall into any of the GHS acute toxicity 
categories. 

• Ignore ingredients that are presumed not acutely toxic (e.g., water, sugar). 
• Ignore ingredients i fthe oral limit test does not show acute toxicity at 2,000 mg/kg/body weight. 

Ingredients that fall within the scope of this paragraph are considered to be ingredients with a known 
acute toxicity estimate (ATE). 

334. The ATE of the mixture is determined by calculation fronl the ATE values for all relevant 
ingredients according to the following formula below for Oral, Dermal or Inhalation Toxicity: 

1oo =I c 
ATEm;, " ATE; 

where: 

C;= concentration of ingredient i 

n ingredients and i is running ffom 1 ton 

ATE;=Acute Toxicity Estimateofingredient i 

Data Are NotA vail able For One Or More Ingredients Of The Mixture. 

335. Where an ATE is not available for an individual ingredient of the mixture, but available 
information such as listed below can provide a derived conversiou value, the formula in paragraph 
334 may be applied. 

This may include evaluation of: 

(a) Extrapolation between oral, dermal and inhalation acute toxicity estimatcs1
• 

Such an evaluation could require appropriate pharmacodynamic and 
phamtacokinctic data; 

For ingredients with acute toxicity estimates available for other than tllc most appropriate exposure route, 
values may be extrapolated from the avaitablc exposure route to the most relevant route. Dermal and 
inhalntory route data are not always required for ingredients. Howeve!", in cnsc data requirements for specific 
ingredients inclmlc acute toxicity c~'timatcs for the dermal and inhalatOJ)' roHtc, the values to be used in the 
formula need to be from the required exposure route. 
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(b) Evidence from human exposnrc that indicates toxic effects but docs not 
provide lethal dose data; 

(c) Evidence from any other toxicity tests/assays available on the substance 
that indicates toxic acute effects but does not necessarily provide lethal 
dose data; or 

(d) Data from closely analogous substances using structure/activity 
relationships. 

336. This approach generally requires substantial supplemental technical infonnation, and a 
highly trained and experienced expert, to reliably estimate acute toxicity. If such informatlon is not 
available, proceed to the provisions of paragraph 337. 

337. In the event that an ingredient without any useable information at all is used in a mixture at 
a concentration of 1% or greater, it is concluded that the mixture cannot be attributed a definitive 
acute toxicity estimate. In this situation the mixture should be classified based on the known 
ingredients only, with the additional statement that x percent of the mixture consists ofing:redient(s) 
of unknown toxicity. 

338. If the total concentration of the ingredient(s) with unknown acute toxicity is :S; 10% then 
the formula presented in paragraph 334 should be used. If the total concentration of the 
ingredient(s) with unknown toxicity is >10%, the formula presented in paragraph 334 should be 
corrected to adjust for the total percentage of the unknown ingrcdient(s) as follows: 

100-(L C unknown if> I 0% 

ATEmix 
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Table 7: Conversion from the experimentally obtained acute toxicity range estimates or a 
classification to paint estimates for the respective routes of exposure. 

Classification or experimentally Conversion value 
obtained ac~t(: toxicity 1~ange 

(note 2) 
estimate see note 1 

Q!1!! 0 < Category 1 5: 5 0.5 
(mglkg) 5 <Category 2 S 50 5 

50 <Category 3 S 300 100 

300 < Category 4 S 2000 500 

2000 < Catertorv 5 < 5000 2500 

Dermal 0 <Category 1 S 50 5 
(mglkg) 50 <Category 2 :;; 200 50 

200 <Category 3 S I 000 300 

I 000 <Category 4 :;:; 2000 llOO 

2000 < Catef!orv 5 < 5000 2500 

Gases 0 <Class] $ 100 10 

irulml 100 <Category 2 $ 500 100 

500 <Category 3 s 2500 700 

2500 < Catcgory4 $ 5000 3000 
Cater;;orv 5 

Vapours 0 <Category 1 < 0.5 0.05 
(mgll) 0.5 <Category 2 S 2.0 0.5 

2.0 <Category 3 $I 0.0 3 

10.0 <Category 4 S 20.0 II 
Catef!orv 5 

Dust/mist 0 <Category 1 S 0.05 0.005 
(mgll) 0.05 <Category 2 S 0.5 0.05 

0.5 <Category 3:::; l.O 0.5 

!.0 <Category 4:::; 5.0 1.5 

ea~ei<orv 5 

Notel: Category 5 is for mixtures which are of relatively low acute toxicity but which under 
certain circumstances may pose a hazard to vulnerable populations. These mixtures are 
anticipated to have an oral or dermal LD50 value in the range of 2000-5000mg/kg or 
equivalent dose for other routes of exposure. In light of animal welfare considerations, 
testing in animals in Category 5 ranges is discouraged and should only be considered when 
there is a strong likelihood that results of such testing would have a direct relevance for 
protecting human health. 

Notc2: These values arc desi!:,'lled to be used in the calculation of the ATE for a mixh1re based on 
its components and do not represent test results. The values arc conservatively set at the 
lower end of the range of Categories l and 2, and at a point approximately II l01

h from the 
lower end of the range for Categories 3- 5. 
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GENERAL CONSIDERATION 

339. The harmonised criteria for the skin and eye irritation I corrosion of substances are 
described in Part 2, Chapter 2.2 and 2.3 of this document. 

CLASSIFICATION OF MIXTURES WHEN DATA ARE AVAILABLE FOR THE 
COMPLETE MIXTURE. 

340. The mixture will be classified using the criteria for SHbstanccs, and takiug into accmmt the 
teSting and evaluation strategies to develop data for these endpoints. 

341. Unlike other endpoints, there are alternative tests available for skin con·osivity of certain 
categories of chemicals that can give an accurate result for classification purposes, as well as being 
simple and relatively inexpensive to perfonn. When considering testing of the mixture 
manufacturers are encouraged to use a tiered weight of evidence strategy as included in the criteria 
for classification of substances for eye and skin corrosion and irritation to help ensure an accurate 
classification, as well as avoid unnecessary animal testing. A mixture is considered corrosive (Skin 
Category I, Eye Category I) if it has a pH of 2 or less or IL5 or greater. 1f consideration of 
alkali/acid reserve suggests the substance or preparation may not be corrosive despite the low or 
high pH value, then further testing needs to be carried out to confirm this, preferably by use of an 
appropriate validated in vitro test. 

CLASSIFICATION OF MIXTURES WHEN DATA ARE NOT AVAILABLE FOR THE 
COMPLETE MIXTURE. 

Bridging Principles 

342. Where the mixture itself has not been tested to determine its skin and eye 
irritation/corrosion, but there are sufficient data on the individual ingredients and similar tested 
mixtures to adequately characterise the hazards of the mixture, these data will be used in accordance 
with the following agreed bridging rules. This ensures that the classification process uses the 
available data to the greatest extent possible in characterising the hazards of the mixture without the 
necessity for additional testing in animals. 

Dilution 

343. Skin: If a mixture is diluted with a dih1ent which has an equivalent or lower 
corrosivity/irritancy classification than the least corrosive/irritant original ingredient and which is 
not expected to affect the corrosivity/irritancy of other ingredients, then the new mixture may be 
classified as equivalent to the original mixture. Altcmatively, the method explained in paragraphs 
350 ~ 355 could be applied. 
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344. Eye: If a mixture is diluted with a diluent which has an equivalent or lower 
corrosivity/irritancy classification than the least corrosive/irritant original ingredient and which is 
not expected to affect the corrosivity/irritancy of other ingredients, then the new mixture may be 
classified as equivalent to the original mixture. Alternatively, the method explained in paragraphs 
350- 355 could be applied. 

Batching 

345. The irritation/corrosion potential of one production batch of a complex mixture can be 
assumed to be substantially equivalent to that of another production batch of the same commercial 
product and produced by or under the control of the same manufacturer, unless there is reason to 
believe there is significant variation such that the toxicity of the batch has changed. If the latter 
occurs, new classification is necessary. 

Concentration of Mixtures of the Highest Corrosion I Irritation Category 

346. If a tested mixture classified in the highest subcategory for corrosion is conccnh·atcd, a 
more concentrated mixture should be classified in the highest corrosion subcategory without 
additional testing. If a tested mixture classified in the highest category for skinJcyc irritation is 
concentrated and docs not contain corrosive ingredients, a more concentrated mixture should be 
classified in the highest irritation category without additional testing. 

Interpolation within One Toxicity Category 

347. If mixtures A and B arc in the same irritationJcorrosion toxicity category and mixture Cis 
made in which the toxicologically active ingredients have concentrations intennediatc to those in 
mixtures A and B, then mixture Cis assmncd to be in the same irritationfcorrosion category as A 
and B. Note that the identity of the ingredient<; is the same in all three mixtures. 

SubstantiallY Similar Mixtures 

348. Given the following: 

a). Two mixtures (i.) A +B 
(ii.) C + B 

b). The concentration of ingredient B is essentially the same in both mixtures. 
c). The concentration of ingredient A in mixture (i) equals that of ingredient C in mixture (ii}. 
d). Data on irritation/corrosion for A and Care available and substantially equivalent, i.e., they 

arc in the same hazard category and arc not expected to affect the toxicity of B. 

If mixture (i) is already classified by testing, mixture (ii) can be assigned in the same category. 

Aerosols 

349. An aerosol form of a mixture may be classified in the same hazard category as the tested 
non-acrosoliscd form of mixture provided that the added propellant docs not affect the irritation or 
corrosive properties of the mixture upon spraying1• 

1. Bridging rules apply for the intrinsic hazard classification of aerosols, however, the need to evaluate 
the potential for "mechanical" eye damage from !he physical force of the spray is recognised. 
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CLASSIFICATION OF MIXTURES WHEN DATA ARE AVAILABLE FOR AlL 
INGREDIENTS OR ONLY FOR SOME INGREDIENTS OF THE MIXTURE. 

350. In order to make use of all available data for purposes of classifying the skin and eye 
irritation/corrosion hazards of the mixtures, the following assumption has been made and is applied 
where appropriate in the tiered approach: 

The "relevant ingredients" of a mixture are those which are present in concentrations of 1% 
(w/w for solids, liquids, dusts, mists and vapours and v/v for gases) or b'fcatcr, unless there 
is a presumption (e.g., in the case of con·osive ingredients) that an ingredient present at a 
concentration of less than 1% can still be relevant for classifying the mixllrrc for skin and 
eye irritation/corrosion. 

351. In general, the approach to classification of mixtures as irritant or corrosive to skin and/or 
eye when data arc available on the components, but not on the mixture as a whole, is based on the 
theory of additivity, such that each corrosive or irritant component contributes to the overall irritant 
or corrosive propcttics of the mixture in proportion to its potency and concentration. A weighting 
factor of I 0 is used for conosivc components when they are present at a concentration below the 
concentration limit for classification with Category I, but arc at a concentration that will contribute 
to the classification of the mixture as an irritant. The mixture is classified as corrosive or irritant 
when the sum of the concentrations of such components exceeds a threshold concentration limit. 

352. Tables 8 and 9 below provide the concentration limits to be used to dctcm1inc if the 
mixture is considered to be an irritant or a corrosive for skin and eye respectively. 

353. Particular care must be taken when classifying certain types of chemicals such as acids and 
bases, inorganic salts, aldehydes, phenols, and surfactants. The approach explained in paragraphs 
351 and 352 might not work given that many of such substances arc conosivc or itTitant at 
concentrations < 1%. For mixtures containing strong acids or bases the pH should be used as 
classification criteria (see paragraph 34I) since pH will be a better indicator of corrosion than the 
concentration limits of Tables 8 and 9. In the case of mixtures containing corrosive or irritant 
ingredients that cannot be classified based on the additivity approach applied in Tables 8 and 9 due 
to chemical characteristics that make this approach unworkable, a mixture will be classified as Skin 
Category I and Eye Category 1 if it contains~ I% of a corrosive ingredient and as Skin Category 
2/3 and Eye Category 2 when it contains~ 3% of au irritant ingredient. Classification of mixtures 
with ingredients for which the approach in Tables 8 and 9 does not apply is summarised in Table IO 
below. 

354. On occasion, reliable data may show that the skin corrosion/irr-itation or the 
rcvcrsiblc/irrevcrsib\c eye effects of an ingredient will not be evident when present at a level above 
the generic concentration cut-off levels mentioned in Tables 8-10. In these cases the mixture could 
be classified according to that data (sec also paragraph 316). On occasion, when it is expected that 
the skin corrosionflrritation or the revcrsiblc/irrcvcrsiblc eye effects of an ingredient will not be 
evident when present at a level above the generic concentration cut-off levels mentioned in Tables 
8-10, testing of the mixture may be considered. In those cases the tiered weight of evidence strategy 
should be applied as rcfcncd to in paragraph 341 and explained in detail in the chapter on 
classification of substances for skin and eye hazards. 

355. If there is data showing that (an) ingredient(s) may be corrosive or 1rntant at a 
concentration of< I% (conosive) or < 3% (Irritant), the mixture should be classified accordingly 
(see also paragraph 314). 

96 



236

ENVIJMIMON0(200 1)6 

Table 8: Concentration of ingredients of a mixture classified as skin category 1, 2 or 3 that 
would trigger classification of the mixture as hazardous to skin (category 1, 2 or 3). 

Sum of ingredients Concentration triggering classification of a mixture as: 
classified as: 

Skin 
Corrosive Irritant 

Category 1 (see note Category 2 Category 3 
below) 

Skin Category I .::::5% 2!1% but< 5% 

Skin Category 2 ;?:10% ~1% but< lO% 

Skin Category 3 >10% 

( 10 x Skin Category I) + ;;::JO% ;;::!% but <10% 

Skin Category 2 

(I 0 x Skin Category I) + .::::10% 
Skin Category 2+Skin 
Category 3 

Note to Table 8 : Only some authorities will use the subcategories of Skin Category 1 
(corrosive). In these cases, the sum of all ingredients of a mixture classified as Skin Category IA, 
IB or IC respectively, should each be 2= 5% in order to classify the mixture as either Skin 
Category lA, lB or 1 C. In case the sum of the Skin Category lA ingredients is< 5% but the sum 
of Skin Category ingredients lA+IB is 2= 5%, the mixture should be classified as Skin Category 
lB. Similarly, in case the sum of Skin Category lA+lB is< 5% but the sum of Category 
lA+ lB+ IC is 2= 5% the mixture would be classified as Category lC. 

Table 9: Concentration of ingredients of a mixture classified as skin category 1 and/or cy·e 
category l or 2 that would trigger classification ofthe mixtures as hazardous to the eye 

(category 1 or 2). 

Sum oflngredients Classified as: Concentration triggering classiJication of a 
mixture as: 

Eye 

Irreversible Reversible 

Category I Category 2 

Eye or Skin Category 1 23% ~l%but<3% 

Eye Category 1!2A ~10% 

(10 x Eye Category 1) +Eye Category :,:>:10% 
2/2A 

Skiu Category I + Eye Category I 2!3% ~1% but <3% 

I 0 x (Skin Category 1 +Eye Category I) ;:>:10% 
+Eye Category 2!2A 
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Table 10: Concentration of ingredients of a mixture for which the additivity approach does 
not apply, that would trigger classification of the mixture as hazardous to skin or the eye. 

Ingredient: Concentration: Mixture classified as: 

Skin Eye 

Acid with pH < 2 > 1% Category I Categmy 1 

Base with pH >11.5 >I% Category 1 Category I 

Other corrosive 2: 1% Category I Category 1 
(Category I) ingredients 
foe which additivity 
docs not apply 

Other irritant (Category ~3% Category 2 Category 2 
2) ingredients for which 
additivity does not 
apply, including acids 
and bases 
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JIARMo!'iiSED sysmi FOR Tim CLASS!FICATI(lN ol' Cl!El\1ICAL 111IXroks ' ",, ' ' " ' ',' '' ' ' " ,, '' ' "'' ' ; ' ''' ' '' ' ,, ' " ' ' "'' ' l ' ' ' 
· ... WIDC.HCJ!-USERilSPIRA::roRY.OR.SK!NSENSlTISATION. 

GENERAL CONSIDERATIONS 

356. The hannonised criteria for respiratory and skill sensitisation of substances are described 
in Part 2, Chapter 2.4 of this document. 

CLASSIFICATION OF l\1IXTURES WHEN DATA ARE AVAILABLE FOR THE 
COMPLETE MIXTURE. 

357. When reliable and good quaJity evidence from human experience or appropriate studies in 
experimental animals, as described in the criteria for substances, is available for the mixture, then 
the mixture can be classified by weight of evidence evaluation of these data. Care should be 
exercised in evaluating data on mixtures, thai the dose used does not render the results inconclusive. 

CLASSIFICATION OF MIXTURES WHEN DATA ARE NOT AVAILABLE FOR THE 
COMPLETE MIXTURE. 

Bridging Principles 

358. Where the mixture itself has not been tested to detennine its sensitising properties, but 
there are sufficient data on the individual ingredients and similar tested mixtures to adequately 
charactetisc the hazards of the mixture, these data will be used in accordance with the following 
agreed bridging mles. This ensures that the classification process uses the available data to the 
greatest extent possible in charactelising tlte hazards of !he mixhtre without !he necessity for 
additional testing in animals. 

Dilution 

359. [fa mixture is diluted with a diluent which is not a scnsitiser and which is not expected to 
affect the sensitisation of other ingredients, !hen the new mixture may be classified as equivalent to 
the original mixture. 

There bas been considerable discussion about whalto convey about seusiti~ltion effects to those exposed, and at what 
point it should be conveyed. While the cun"Cnl cnt-off for mixmres is 1%, it appears that Jbe major sySJ.cms all believe 
infomtation should be conveyed below tlillt level. This ntay be appropriate both to want Jhosc already scnsitisetl, as 
well as to warn those who may become sensitised. This issue wns not clear during the initial deliberations on the crfteria 
for mixtures containing scn~itfsers, and thus has not been adequately discussed nor options explored. 

Before the system becontes implcmcnlcd, this issue should be revisiwd by the ECOSOC Subcomminec on the GHS as 
one of its firs! priorities. It should be noted that the scnsitisation criteria for substances will also have to be re-{lpencd to 
consider this issue and the inctu:;ion of new inform;Uion and evolving testing approaches that addresses the question of 
strong scnsitisers versus those that arc weaker. Appropriate hazard com1111micalion should be com;idered along with the 
discussions on the criteria and the avai\ahi\ity of an approprialc test meihod. 

99 



239

ENV/JMIMON0(2001)6 

Batching 

360. The sensitising properties of one production batch of a complex mixture can be assumed to 
be substantially equivalent to that of another production batch of the same commercial product and 
produced by or under the control of the same manufacturer, unless there is reason to believe there is 
significant variation such that the sensitisation of the batch has changed. If the latter occurs, new 
classification is necessary. 

Substantially Similar Mixtures 

36l. Given the following: 

a). Two mixtures: (i.) A+ B 
(ii.) C + B 

b). Titc concentration of ingredient B is essentially the same in both mixtures. 
c). The concentration of ingredient A in mixture (i) equals that of ingredient C in mixture (ii). 
d). Ingredient B is a sensitiscr and Ingredients A and C arc not scnsitisers. 
e). A and C arc not expected to affect the scnsitisation of B. 

If mixture (i) is already classified by testing, mixture (ii) can be assigned the same hazard category. 

Aerosols 

362. An aerosol form of the mixture may be classified in the same hazard catego1y as the tested 
non-aerosolised form of the mixture provided that the added propellant does not affect the 
sensitising properties of the mixture upon spraying. 

CLASSIFICATION OF MIXTURES WHEN DATA ARE AVAILABLE FOR ALL 
INGREDIENTS OR ONLY FOR SOME INGREDIENTS OF THE MIXTURE. 

363. The mixture will be classified as a respiratory or skin sensitiscr when at least one 
ingredient has been classified as a respiratory or skin scns:itiscr and is present at or above the 
appropriate cut-off value I concentration limit for the specific endpoint as mentioned in Table II 
below for solid/liquid and gas respectively. 

Table 11: Cut-off values/concentration limits of ingredients of a mLxture classified as either 
skin sensitisers or respiratory sensitiscrs, that would trigger classification of the mixture. 

Ingredient classified as: Cut-offlconcentration limits triggering classification of a 
mixture as: 

Skin sensitiser Respiratory sensitisers 

Skin scnsitiscr ::::1.0% w/w ::=:I.O%v/v 

Respiratory sensitiscr ~I.O%w/w ::=:0.2% v/v 
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GENERAL CONSIDERATIONS 

364. The harmonised criteria for germ cell mutagenicity of substances are described in Part 2, 
Clmptcr 2.5 of this document. 

CLASSIFICATION OF MIXTURES WHEN DATA ARE AVAILABLE FOR THE 
COMPLETE MIXTURE. 

365. Classification of mixtures will be based on the available test data on the individual 
constituents of the mixture using cut-off values/concentration limits for the components of the 
mixture. The classification may be modified on a case-by-case basis based on the available test data 
for the mixture as a whole. In such cases, the test results for the mixture as a whole must be shown 
to be conclusive taking into account dose and other factors such as duration, observations and 
analysis (e.g., statistical analysis, test sensitivity) of gem1 cell mutagenicity test systems. Adequate 
documentation supporting the classification should be retained and made available for review upon 
request. 

CLASSIFICATION OF MIXTURES WHEN DATA ARE NOT AVAILABLE FOR THE 
COMPLETE MIXTURE. 

Bridging Principles 

366. Where the mixture itself l1as not been tested to determine its gcnn cell mutagenicity 
hazard, but there arc sufficient data on the individual ingredients and similar tested mixtures to 
adcqnatcly characterise the hazards of the mixture, these data will be used in accordance with the 
following agreed bridging rules. This ensures that the classification process uses the available data 
to the greatest extent possible in characterising the hazards of the mixture without the necessity for 
additional testing in animals. 

Dilution 

367. If a mixture is diluted with a diluent which is not expected to affect the germ cell 
mutagenicity of other ingredients, then the new mixture may be classified as equivalent to the 
original mixture. 

Batching 

368. The germ cell mutagenic potential of one production batch of a complex mixture can be 
assumed to be substantially equivalent to that of another production batch of the same commercial 
product produced by and under the control of the same manufacturer unless there is reason to 
believe there L<; significant vmiation in composition such that the gc1m cell mutagenic potential of 
the batch has changed. If the latter occurs, a new classification is necessary. 
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Substantially similar mixtures 

369. Given the following: 

a). Two mixtures: i.) A+ 8 
ii.) C+B 

b). The concentration of mutagen Ingredient 8 is the same in both mixtures. 
c). The concentration of ingredient A in mixture (i) equals that of ingredient C in mixture (ii). 
d). Data on toxicity for A and C are available and substantially equivalent, i.e. they are not 

expected to affect the germ cell mmagenicity of B. 

If mixtnrc (i) is already cla<;sificd by testing, mixture {ii) can be assigned the same category. 

CLASSIFICATION OF MIXTURES WHEN DATA ARE AVAILABLE FOR ALL 
INGREDIENTS OR ONLY FOR SOME INGREDIENTS OF THE MIXTURE. 

370. The mixture will be classified as a mutagen when at least one ingredient has been 
classified as a Category I or Category 2 mutagen and is present at or above the appropriate cut-off 
value/concentration limit as mentioned in Table I2 below for Category 1 and 2 respectively. 

Table 12: Cut-offvalues/conccntration Iimits of ingredients of a mixture elassified as germ 
cell mutagens that wouid trigger classification of the mixture. 

Ingredient classified as: Cut-off/concemration limits triggering classification of a mixture as: 

Category 1 mutagen Category 2 mutagen 

Category I mu!agcn ~0.1% -

Category 2 mutagen - ~ 1.0% 

Note: The cut-off values/concentration limi!S in the table above apply to solids and liquids (w/w 
units) as well as gases (v/v units). 
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WHICH.CAUSE.CARCINOGENICITY. 

GENERAL CONSIDERATIONS 

371. The ham1onised criteria for carcinogenicity of substances are described Part 2, Chapter 2.6 
of this document. 

CLASSIFICATION OF MIXTURES WHEN DATA ARE AVAILABLE FOR THE 
COMPLETE MIXTURE. 

372. Classification of mixtures will be based on the available test data on the individual 
constituents of the mixture using cut-off values/concentration limits for the components of the 
mixture. The classification may be modified on a case-by case basis based on the available test data 
for the mixture as a whole. In such cases, the test results for the mixture as a whole must be shown 
to be conclusive taking into account dose and other factors such as duration, observations and 
analysis (e.g., statistical analysis, test sensitivity) of carcinogenicity test systems. Adequate 
documentation supporting the classification should be retained and made available for review upon 
request. 

CLASSIFICATION OF MlXTURES WHEN DATA ARE NOT AVAILABLE FOR THE 
COMPLETE MIXTURE. 

Bridging Principles 

373. Where the mixture itself has not been tested to determine its carcinogenic hazard, but there 
are sufficient data on the individual ingredients and similar tested mixtures to adequately 
characterise the l1azards of the mixture, these data will be used in accordance with the following 
agreed bridging rules. This ensures that the classification process uses the available data to the 
greatest extent possible in characterising the hazards of the mixture without the necessity for 
additional testing in animals. 

Dilution 

374. If a mixmrc is diluted with a diluent which is not expected to affect the carcinogenicity of 
other ingredients, then the new mixture may be classified as equivalent to the original mixture. 

Batchlng 

375. The carcinogenic potential of one production batch of a complex mixmre can be assumed 
to be substantially equivalent to that of another production batch of the same commercial product 
produced by and under the control of the same manufacturer unless there is reason to believe there is 
significant variation in composition such that the carcinogenic potential of the batch has changed. If 
the latter occurs, a new classification is necessary. 
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Subsiantially similar mixtures 

376. Given the following: 

a). Two mixtures: L) A + B 
ii.)C+B 

b). The concentration of carcinogen ingredient B is the same in both mixtures. 
c). The concentration of ingredient A in mixture i equals that of ingredient C in mixture ii. 
d). Data on toxicity for A and C are available and substantially equivalent, i.e. they are not 

expected to affect the carcinogenicity of B. 

If mixture (i) is already classified by testing, mixture (ii) can be assigned the same category. 

CLASSIFICATION OF MIXTURES WHEN DATA ARE AVAILABLE FOR ALL 
COMPONENTS OR ONLY FOR SOME COMPONENTS OF THE MIXTURE. 

377. The mixture will be classified as a carcinogen when at least one ingredient has been 
classified as a Category I or Category 2 carcinogen and is present at or above the appropriate cut-off 
value/concentration limit as mentioned in Table 13 below for Category I and 2 respectively. 

Table 13: Cut-offvalueslconcentration limits of ingredients of a mixture classified as 
carcinogen that would trigger classification of the mixture'. 

Ingredient Cut-off! concentration limits triggering classification of a mixture as: 
classified as: 

Category I carcinogen Category 2 carcinogen 

Category 1 carcinogen ;?:Q.l% 

:2:0.1% (note I) 
-----Category 2 carcinogen - -

;?: 1.0% (note 2) 

Note I: If a Category 2 carcinogen ingredient is present in the mixture at a concentration between 
0.1% and 1%, every regulatory authority would require infonnation on the SDS for a 
product. However, a label warning would be optional. Some authorities will choose to 
label when the ingredient is present in the mixture between 0.1% and 1%, whereas others 
would nonnally not require a label in this case. 

Note 2: If a Category 2 carcinogen ingredient is present in the mixture at a concentration of~ 1%, 
both an SDS and a label would generally be expected. 

1 This compromi~c classiflcation scheme involves consideration of differences in hazard communicalion practices in 
existing systems. Allhouglt it is mcogniscd !hat !his may rcsull in a lack of harmonisation for some mixture>, tiJC OECD 
Expert Group is recommending lo ilu: ILO Hazard Communication Work Group !hallhis compromise be accepted as a 
way lo move !he process forward. II is cxpcc!cd !hat !he number of affcC!ed mixtures will be small; !he differences will 
be lim~cd to label warnings; and the situation will evolve over lime loa more hammniscd approach. All of lhcse 
lmzard conmtunicalion recommendations are subjccllo review by the ILO Work Group, and may be allbC!cd by thai 
group's dclerminations regarding !he possibility of using risk con~iderntions in labelling in !he cons\uner scclor. 
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HARMONISED SYSTEM~OR THE CLASfH,FICATiON O~CHEll:llCAL MIXTURES 
· · · · · ... wai&cAusE rui:P.R6.D)Jcri'vE:r6xici:rY ·. ··· · · · · ··· · · 

GENERAL CONSIDERATION 

378. The hannonised criteria for reproductive toxicity of substances are described in Part 2, 
Chapter 2. 7 of this document. 

CLASSIFICATION OF MIXTURES WHEN DATA ARE AVAILABLE FOR THE 
COMPLETE MIXTURE. 

379. Classification of mixtures will be based on the available test data on the individual 
constituents of the mixture using cut-off values/concentration limits for the components of the 
mixture. The classification may be modified on a case-by case basis based on the available test data 
for the mixture as a whole. In such cases, the test results for the mixture as a whole must be shown 
to be conclusive taking into account dose and other factors such as duration, observations and 
analysis (e.g., statistical analysis, test sensitivity) of reproduction test systems. Adequate 
documentation supporting the classification should be retained and made available for review upon 
request. 

CLASSIFICATION OF MIXTURES WHEN DATA ARE NOT AVAILABLE FOR THE 
COMPLETE MIXTURE. 

Bridging Principles 

380. Where the mixture itself has not been tested to determine its reproductive toxicity, but 
there arc sufficient data on the individual ingredients and similar tested mixtures to adequately 
characterise the hazards of the mixture, these data will be used in accordance with the following 
agreed bridging rules. This ensures that the classification process uses the available data to the 
greatest extent possible in characterising the hazards of the mixture without the necessity for 
additional testing in animals. 

Dilution 

381. If a mixture is diluted with a diluent which is not expected to affect the reproductive 
toxicity of other ingredients, then the new mixture may be classified as equivalent to the original 
mixture. 

Batching 

382. The reproductive toxicity potential of one production batch of a complex mixture can be 
assumed to be substantially equivalent to that of another production batch of the same commercial 
product produced by and under the control of the same manufacturer unless there is reason to 
believe there is significant variation in composition such that the reproductive toxicity potential of 
the batch has changed. lfthe latter occurs, a new classification is necessary. 
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Substantially similar mixtures 

383. Given the following: 

a). Two mixtures: i.) A+ B 
ii.)C+B 

b). The concentration of Ingredient B, toxic to reproduction, is the same in both mixtures. 
c). The concentration of ingredient A in mixture i equals that of ingredient C in1uixture ii. 
d). Data on toxicity for A and C are available and substantially equivalent, i.e. they are not 

expected to affect the reproductive toxicity of B. 

If mixture (i) is already classified by testing, mixture (ii) can be assigned tlte same category. 

CLASSIFICATION OF MIXTURES WHEN DATA ARE AVAILABLE FOR ALL 
COMPONENTS OR ONLY FOR SOME COMPONENTS OF THE MIXTURE. 

384. The mixture will be classified as a reproductive toxin when at least one ingrediellt has 
been cla<>sified as a Category 1 or Category 2 reproductive toxicant and is present at or above the 
appropriate cut-off value/conccnh·ation limit as mentioned in Table 14 below for Category 1 and 2 
respectively. 

Table 14 : Cut-off values/concentration limits of ingredients of a mixture classified as 
reproductive toxicants that would trigger classification of the mixture. t 

Ingredient Cut-offi' concentration limits triggering classification of a mixture as: 

classified as: Category I reproductive toxicant Category 2 reproductive toxicant 

Category I reproductive ~ 0.1% (note I) 
toxicant -------------------------------

~ 0.3% (note 2) 

Caregory 2 reproductive ;?; 0.1% (note 3) 
toxicant ----- -------

;?; 3.0% (note 4) 

Note I: If a Category I reproductive toxicant is present in the mixture as an ingredient at a 
concentration between 0.1% and 0.3%, every regulatory authority would require 
information on the SDS for a product. However, a label warning would be optional. Some 
authorities will choose to label when the ingrcdie11t is present in the mixture between 0.1% 
and 0.3%, whereas others would nommlly not require a label in this case. 

1 
This compromise clas~ification scheme invoh·e~ consideration of differences in h~urd commonicationproctioos in exi~ting ~)'Stems. 
Although it i.1 recognised th"l dti.o; may rc:rnh in a lack ofhannonisation fnr some tnixturo~, lite OECD Expert Group~~ recommending 
to the ItO Ha:a~rd Communication Work Group thal1his compromise be accepted as a way to move dte process forward. T1 is expected 
Uwt the numbc:rof~ffccted mixtures will be .1mall; the differoncc8 will he limited to label waming.o;; nnd 1l1c •ituatinn will evolve ovcr 
lime to a mo:re hannonised opproach. All of these hnard communication recommcndillions arc subje\ll to review by 1l1e ItO Work 
Group, and may he affected by that group's dctcnninations regarding 1ltc po~sihility ofuo;ingrisk considcrnlion~ in labelling in the 
consumer sector. 
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Note 2: If a Category I reproductive toxicant reproductive toxicant is present in the mixture as an 
ingredient at a concentration of 2: 0.3%, both an SDS and a label would generally be 
expected. 

Note 3: If a Category 2 reproductive toxicant is present in the mixture as an ingredient at a 
concentration between 0.1% and 3.0%, every regulatory authority would require 
information on the SDS for a product. However, a label waming would be optional. Some 
authorities will choose to label when the ingredient is present in the mixture between 0.1% 
and 3.0%, whereas others would normally not require a label in this case. 

Note 4: If a Category 2 reproductive toxicant is present in the mixture as an ingredient at a 
concentration of~ 3.0%, bod1 an SDS and a label would generally be expected. 
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HARMO:NJSE)). SYS"fE]\1.F(l~THE f:LASSIFit:;A m>N OF CHEMICA!, .l)llXTURES 

•WHICH CAUSESP.ECIFIC TARGET ORQAN SYSTEMIC TOXICITY 

GENERAL CONSIDERATION 

385. The harmonised criteria for the classification of chemical substances for specific target 
organ/systemic toxicity, following single or repeated/prolonged exposure, are described in Part 2, 
Chapters 2.8 and 2.9 of this document. Mixtures are classified using tbc same criteria as for 
substances, or alternatively as described below. As with substances, mixtures may be classified for 
target organ/systemic toxicity following single exposure, repeated exposure, or both. 

CLASSIFICATION OF MIXTURES WHEN RELIABLE EVIDENCE OR TEST DATA ARE 
AVAILABLE FOR THE COMPLETE MIXTURE. 

386. When reliable and good quality evidence from human experience or appropriate studies in 
experimental animals, as described in the criteria for substances, is available for the mixture, then 
the mixture can be classified by weight of evidence evaluation of this data. Care should be 
exercised in evaluating data on mixtures, that the dose, duration, observation of analysis, do not 
render the results inconclusive. 

CLASSIFICATION OF MIXTURES WHEN DATA ARE NOT AVAILABLE FOR THE 
COMPLETE MIXTURE. 

Bridging Principles 

387. Where the mixture itself has not been tested to dctennine its target organ/systemic toxicity, 
but there are sufficient data on the individual ingredients and similar tested mixtures to adequately 
characterise the hazards of the mixture, these data can be used in accordance with the following 
bridging principles. This ensures that the classification process uses the available data to the 
greatest extent possible in characterising the hazards of the mixture without the necessity of 
additional testing in animals. 

Dilution 

388. If a mixture is diluted with a diluent which has the same or a lower toxicity classification 
as the least toxic original ingredient and which is not expected to affect the toxicity of other 
ingredients, then the new mixture may be classified as equivalent to the original mixture. 

Batchjng 

389. The toxicity of one production batch of a complex mixture can be assumed to be 
substantially equivalent to that of another production batch of the same conunercial produCt and 
produced by or under the control of the same manufacturer, unless there is reason to believe there is 
significant variation such that the toxicity of the batch has changed. If the latter occurs, new 
classification is necessary. 
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Concentration ofHiehly Toxic Mixtures 

390. If in a mixture of Category 1, the concentration of a toxic ingredient is increased, the 
concentrated mixture should be classified in Category 1 without additional testing. 

Interpolation within One Toxicity Category 

391. If mixtures A and Bare classified in the same toxicity category and mixture Cis made in 
which the toxicologically active ingredients have concentrations intcmtcdiate to those in mixtures A 
and B, then mixture C is assumed to be in the same toxicity category as A and B. Note that the 
identity of the ingredients shot1ld be the same in all three mixtures. 

Substantially Similar Mixtures 

392. Given tltc following: 

a). Two mixtures: (i) A+ B 
(ii) C+B 

b). The concentration ofingrcdlcnt B is essentially the same in both mixtttrcs. 
c). Titc concentration ofingrcdient A in mixture (i) equals that of ingredient C in mixture (ii) 
d). Data on toxicity for A and C are available and substantially equivalent, i.e. they are in the 

same hazard category and are not expected to affect the toxicity of B. 

If mixture (i) is already classified by testing, mixture (ii) can assigned the same category. 

Aerosols 

393. An aerosol fOrm of a mixture may be classified in the same hazard category as the tested, 
non-aerosolised fonu oftlte mixture for oral and denual toxicity provided the added propellant does 
not affect the toxicity of the mixture on spraying. Cla<>sification of acrosolised mixtures for 
inhalation toxicity should be considered separately. 

CLASSIFICATION OF MIXTURES WHEN DATA ARE AVAILABLE FOR ALL 
INGREDIENTS OR ONLY FOR SOME INGREDIENTS OF THE MIXTURE. 

394. Where there is no reliable evidence or test data for the specific mixture itself, and the 
bridging principles cannot be used to enable classification, then classification of the mixture is ba<;cd 
on the classification of the ingredient substances. In this ca~c, the mixture will be classified as a 
target organ/systemic toxicant (specific organ specified), following single exposure, repeat 
exposure, or both when at least one ingredient has been classified as a Category 1 or Category 2 
target organ/systemic toxicant and is present at or above the appropriate cut-off value/concentration 
limit as mentioned in Table 15 below for Category 1 and 2 respectively. 
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Table 15: Cut~offvalues/concentration limits of ingredients of a mixture classified as a Target 
Organ/ Systemic Toxicant that would trigger classification of the mixture.1 

Cut-offlcoucentration limits triggering classification of a 

Ingredient mixture as: 

classified as: Category 1 Target Organ Category 2 Target Organ 

Systemic Toxicant (TOST) Systemic Toxicant (TQST1 

Category I (TOST) ~ 1.0% (note I) I.O::;; ingredient < 10% 

Target Organ Systemic Toxicant ----------------------------------- -{!!.'!!~-~)_ ------------------------
~ 10% (note 2) 1.0:>; ingredient < I 0% (note 

3) 

Category 2 (TOST) ~ l.O%(note4) 
-.-- ··-· --.--- ................. -.--

Target Organ Systemic Toxicant 
?: 10% (note 5) 

Note 1: If a Category I target organ/systemic toxicant is present in the mixture as an ingredient at 
a concentration between 1.0% and 10%, every rcgnlatory authority would require 
information on the SDS for a product. However, a label warning would be optional. 
Some authorities will choose to label when the ingre{lient is present in the mixture 
between I.O% rutd 10%, whereas others would normally not require a label in this case. 

Note 2: If a Category I target organ/systemic toxicant is present in the mixture as an ingredient at 
a concentra1ion of,::: I 0%, both an SDS and a label would generally be expected. 

Note 3: If a Category I target organ/systemic toxicant is present in the mixture as an ingredient at a 
concentration bet\veen I.O% and I 0%, some authorities classify this mixture as a Category 
2 target organ/systemic toxicrutt, whereas others would not. 

Note 4: If a Category 2 target organ/systemic toxicant is present in the mixture as an ingredient at 
a concentration between 1.0% and IO%, every regulatory authority would require 
infonnation on the SDS for a product. However, a label warning would be optional. So1Ue 
authorities will choose to label when the ingredient is present in the mixture betweeul.O% 
and 10%, whereas others would normally not require a label in this case. 

Note 5: If a Category 2 target organ/systemic toxicant is present in the mixture as an ingredient at 
a 

concentration of.?; IO%, both an SDS and a label would generally be expected. 

395. These cnt-off values and consequent classifications should be applied equally and 
appropriately to both single- and repeated-dose target organ toxicants. 

' This compromise dassificaliou scheme involves considcnnion of difi'crcnccs in hazard communicalion practices in 
cxisling system>. Although iJ is recognised thai this may resuli in a Jack ot' hannoni;aJion for some mixtures, the OECD 
Expert Group is reconuncnding lo !he ILO Hazard CommunicaJion Work Group Jhatlhis compromise be acccpied as a 
way to move !he process forward. ll is ex peeled !hat !he number of affecJed mixtures will be small; !he differences will 
be Jimilcd lo label warnings; and !he silUation will evolve over time loa more tmrmoniscd <~pprouch. All of !hose 
hazard communication recommendations arc subjccllo review by !he ILO Work Group, and may be ail"cclcd by that 
group's dctenninaJions regarding the possibility of using risk consideration.~ in labelling in the constuner see! or. 
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396. Mixtures should be classified for either or both single~ and repeated-dose toxicity 
independently. 

397. Care should be exercised when toxicants affecting more than one organ system are 
combined that the potentiation or synergistic interactions are considered, because certain substances 
can cause target organ toxicity at <1% concentration when other ingredients in the mixture are 
known to potentiate its toxic effect. 
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~ON! SED SYS'fEM FOR TilE cL~~IucATiON OFT!IEG~llil\11¢,\L .. 

• . MIXTURES WHICH ARE HAZARDOUS FOR THE AQUATIC ENVIRONMENT 
' ,,,,' ,, ' ', ','" ' ' " ' ' ' ' ' ' ' ' ' ', ' ,' ', ' ',' ', ,'', ' ' ', ',' ' ' ' ' ' 

GENERAL CONSIDERATIONS 

398. The hannonised criteria for the classification of substances as "hazardous for the aquatic 
environment" are described in Part 2 , Chapter 2.10 of this document and were already endorsed by 
the 2811

' Joint Meeting of the Chemicals Committee and the Working Party on Chemicals in 
November 1998. The harmonised classification system for substances consists of three acute 
classification categories and four chronic classification categories. The acute and the chronic 
classification categories are applied independently. The criteria for classification of a substance in 
acute categories I to Ill are defined on the basis of the acute toxicity data only (EC50 or LC50). The 
criteria for classification of a substance into chronic categories combine two types of information, 
i.e. acute toxicity data and environmental fate data (dcgradability and bioaccumulation data). For 
assignment of mixtures to chronic categories, degradation and bioaccumulation properties are 
derived from tests on components. 

399. The classification system for mixtures covers ail classification categories which are used 
for substances meaning acute categories I to III and chronic categories I to IV. 

400. In order to make use of all available data for purposes of classifying the aquatic 
environmental hazards of the mixture, the following assumption has been made and is applied where 
appropriate. 

The "relevant components" of a mixture are those which are present in a concentration of 
1% (w/w) or greater, unless there is a presumption (e.g. in the case of highly toxic 
components) that a component present at less than I% can still be relevant for classifying 
the mixture for aquatic environmental hazards. 

40 I. The approach for classification of aquatic environmental hazards is tiered, and is 
dependent upon tbe type of information available for the mixture itself and for its components. 
Elements of the tiered approach include: i) classification based on tested mixtures; ii) classification 
based on bridging principles, iii) the use of "summation of classifed components" and /or an 
"additivity formula". Figure 4 outlines the process to be followed. 
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Figure 4: Tiered Approach to Classification of Mixtures for 
Acute and Chronic Aquatic Environmental Hazards 

Aquatic toxicity test data available on the mixture as a whole 

No I Yes CLASSIFY for 

t 
acute/chronic toxicity 
(paragraph 402-403) 

Sufficient data Yes Apply bridging principles CLASSIFY 
available ou similar - (paragraphs 404-41 0) - for acute/chronic 
mixtures to estimate toxicity 
hazards 

~ No 

Apply Summation Method 
Either aquatic (para 415-427) using: 
toxicity or Yes • Percentage of all CLASSIFY 
classification data - components classified as - for acute/chronic 
available for all "Chronic'' toxicity 
relevant components • Percentage of 

components classified as 
"Acute" 

• Components with 
adequate acute toxicity 
data: apply Additivity 
Fommla (paragraph 413) 
and convert the derived 

l 
L(E)Cso to the 
appropriate "Acute" 
Class 

No 

Use available hazard Apply Summation Method CLASSIFY 
data of known - and Additivity Formula - for acute /chronic 
components (paragraphs 415427) and toxicity 

apply paragraph 428 
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CLASSIFICATION OF MIXTURES WHEN AQUATIC {TOXICITY) TEST DATA ARE 
AVAILABLE FOR THE COMPLETE MIXTURE. 

402. When the mixture as a whole has been tested to determine its aquatic toxicity, it can be 
classified according to the criteria that have been agreed for substances, but only for acute toxicity. 
The classification should be based on the data from: fish, crustacea and algae/plants. Classification 
of mixtures by using LC50 or EC50 data for the mixture as a whole is not possible for chronic 
categories since both toxicity data and environmental fate data are needed, and there are no 
degradability and bioaccumulation data for mixtures as a whole. It is not possible to apply the 
criteria for chronic classification because the data from degradability and bio-accumulation tests of 
mixtures cannot be interpreted; they are meaningful only for single substances. 

403. When there is acute toxicity test data (LC51J or EC50) available for the mixture as a whole, 
this data as well as infommtion with respect to the classification of components for chronic toxicity 
should be used to complete the classification for tested mixtures as follows. When chronic (long 
teJ.m) toxicity data (NOEC) is also available, this should be used as well. 

• LCElCmJLC50 or EC5o) of the tested mixture< lOOmiZIL and NOEC of the tested mixture< 1.0 
mg!L or unknown: 
--7 Classify mixture as Acute I, Il or III 
--7 Apply Summation of Classified Components approach (see paragraphs 423-428) for chronic 

classification (Chronic I, II, III, IV or no need of chronic classification). 

• L(£)C50 of the tested mixture< IOOmg!L and NOEC of the tested mixture> 1.0 m!!/L: 

--7 Classify mixture as Acute I, II or Til 
--7 Apply Summation of Classified Components approach (see paragraphs 423-428) for 

classification as Chronic 1. If the mixture is not classified as Chronic I, then there is no need 
for chronic classification. 

• L(E)Cso of the tested mixture> lOOmg/L, or above the water solubility. and NOEC of the tested 
mixture ..S: i.Omg!L or unknown: 

--7 No need to classify for acute toxicity 
--7 Apply Summation of Classified Components approach (see paragraphs 423~428) for chronic 

classification (Chronic IV or no need for chronic classification). 

• L(E)C50 of the tested mixture >lOOmfdL. or above the water solubility, and NOEC of the test@ 
mixture> 1.0 mg/L 

--:t No need to classifY for acute or chronic toxicity 

CLASSIFICATION OF MIXTURES WHEN AQUATIC TEST DATA ARE NOT 
AVAILABLE FOR THE COMPLETE MIXTURE. 

Bridgtng Principles 

404. Where the mixture itself has not been tested to determine its aquatic environmental hazard, 
but there arc sufficient data on the individual components and similar tested mixtures to adequately 
characterise the hazards of the mixture, this data will be used in accordance with the following 
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agreed bridging rules. This ensures that the classification process uses the available data to the 
greatest extent possible in characterising the hazards of the mixture without the necessity for 
additional testing in animals. 

Dilution 

405. If a mixture is fonncd by diluting another classified mixture or a substance with a diluent 
which has an equivalent or lower aquatic hazard classification than the least toxic original 
component and which is not expected to affect the aquatic hazards of other components, then the 
mixture may be classified as equivalent to the originalmixhrre or substance. 

406. If a mixture is fonned by diluting another classified mixture or a substance with water or 
other totally non-toxic material, the toxicity of the mixture can be calculated from the original 
mixture or substance. 

Batching 

407. The aquatic hazard classification of one production batch of a complex mixture can be 
assumed to be substantially cqtJivalcnt to that of another production batch of the same commercial 
product and produced by or under the control of the same manufacturer, unless there is reason to 
believe there is significant variation such that the aquatic hazard classification of the batch has 
changed. If the latter occurs, new cla~sification is necessary. 

Concentration of Mixtures which arc classified with the most severe classification 
categories (Chronic I and Acute D 

408. If a mixture is classified as chronic I and/or acute I, and components of the mixture which 
arc classified a~ chronic I and/or acute I are further concentrated, the more concentrated mixture 
should be classified with the same classification category a<; the original mixn1rc without additional 
testing. 

lntemolatioJl within One Toxicity Category 

409. If mixtures A and B are in the same classification category and mixture C is made in 
which the toxicologically active components have concentrations inte1mediate to those in mixtures 
A and B, then mixture Cis assumed to be in the same category as A and B. Note that the identity of 
the components is the same in all three mixtures. 

Substantiallv similar mixtures 

410. Given the following: 

a). TWo mixtures: i.) A+ B 
ii.) C+B 

b). The concentration of component B is the same in both mixtures. 
e). The concentration of component A in mixture (i) equals that of component C in mixture (ii). 
d). Classification for A and C arc available and arc the same, i.e. they arc in the same hazard 

category and are not expected to affect the aquatic toxicity of B. 

Titen there is no need to test mixture (ii). If mixture (i) is already characterised by testing, 
mixture (ii) can be classified the same hazard category. 
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CLASSIFICATION OF MIXTURES BASED ON AQUATIC TEST DATA OR AVAILABLE 
CLASSIFICATION OF COMPONENTS. 

411. The classification of a mixture is based on summation of the classification of its 
components. The percentage of components classified as "Acute" or "Chronic" will feed straight in 
to the summation method. Details of the summation method are described in paragraphs 416-428. 

412. Mixtures can be made of a combination of both components that are classified (as Acute 1, 
II, III and/or Chronic I, II, Ul, IV) and those for which adequate test data is available. When 
adequate toxicity data is available for more than one component in the mixttu~, the combined 
toxicity of those components may be calculated using the following additivity formula, and the 
calculated toxicity may be used to assign that portion of the mixture an acute toxicity category 
which is then subsequently used in applying the summation method. 

where: 

L;c; =L: c; 
L(E)C5om ,1 L(E)C,., 

concentration of component i (weight percentage) 
(mgrL) LC50 or EC50 for component i 

c, 
L(E)Csoi 
~ =number of components 

L(E) Csorn = L(E)C50 of the part of the mixture with test data 

413. When applying the additivity fom1Ula for part of the mixture, it is preferable to calculate 
the toxicity of this part of the mixture using for each substance toxicity vah1es that relate to the same 
species (i.e.; fish, daphnia or algae) and then to use the highest toxicity (lowest value) obtained (viz., 
use the most sensitive of the three species). However, when toxicity data for each component are 
not available in the same species, the toxicity value of each component should be selected in the 
same manner that toxicity values are selected for the classification of substances, i.e. the higher 
toxicity (from the most sensitive test organism) is used. The calculated acute toxicity may then be 
used to classify this part of the mixture as Acute I, II or III using the same criteria described in the 
Hannonised Integrated System for pure substances. 

4I4. If a mixture is classified in more than one way, the method yielding the more conservative 
result should be used. 

Summation Method 

Rationale 

415. In case of the snbstance classification categories Acute 1/Chronic I to Acute III/Chronic 
III, the underlying toxicity criteria differ by a factor of 10 in moving from one categmy to another. 
Substances with a classification in a high toxicity band may therefore contribute to the classification 
of a mixtmc in a lower band. The calculation of these classification categories therefore needs to 
consider the contribution of all substances classified Acute 1/Chronic I to Acute III/Chronic III 
together. 

416. When a mixture contains components classified as Acute Category I, attention should be 
paid to the fact that such components, when their acute toxicity is well below 1 mg!L (sec also 
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paragraph 314), contribute to the toxicity of the mixture even at a low concentration. Active 
ingredients in pesticides often possess such high aquatic toxicity but also some other substances like 
organometallic compounds. Under these circumstances the application of the normal cut-off 
values/concentration limits may lead to an "underdassification" of the mixture. Therefore, 
multiplying factors should be applied to account for highly toxic components, as described in 
paragraph 427. 

Classification Procedure 

417. ln general a more severe classification for mixtures overrides a less severe classification, 
e.g. a classification with Chronic I ovenides a classification with Chronic II. As a consequence the 
classification procedure is already completed if the results of the classification is Chronic L A more 
severe classification than chronic I is not possible therefore it is not necessary to undergo the further 
classification procedure. 

Classification for the Acute Categorles I, II and III 

418. First all components classified as Acute I are considered. If the sum of dtese components 
is greater than 25% the whole mixture is classified as Category Acute I. If the result of the 
calculation is a classification of the mixture as Category Acute I, tile classification process is 
completed. 

419. In cases where the nrixture is not classified as Acute I, classification of the mixture as 
Acute 11 is considered. A mixture is classified as Acute II if ten times the sum of all components 
classified as Acute I plus the sum of all components classified as Acute 11 is greater than 25%. lf 
the result of the calculation is classification of the mixture as Category Acute II, the classification 
process is completed. 

420. In cases whcre the mixture is not classif1ed either as Acute 1 or Acute II, classification of 
the mixture as Acute Ill is considered. A mixture is classified as Acute Ill if 100 times the sum of 
all components classified as Acute I plus 10 times the sum of all components classified as Acute II 
plus the sum of all components classifted as Acute Ill is greater than 25%. 

421. The classification of mixtures for acute hazards based on tltis summation of classified 
components, is sunm1arised in Table 16 below. 

Table 16: Classification of a mixture for acute hazards, based on 
summation of classified components. 

Sum of components classified as: Mixture is classified as: 

Acute lx M 1
) >25% Acute I 

M x 10 x Acute 1 +Acute ll >25% Acute II 
(M x 100 x Acute I)+ (10 x Acute Il) + Acute III >25% Acute Ill 

J)j01 explanoi!Ofl of the Mfaclor, seeparogmph 427 

Classification for the Chronic Categories I, II, III aud IV 

422. First all components classified as Chronic I arc considered. If the sum of these 
components is greater than 25% the mixture is classified as Category Chronic I. If the result of the 
calculation is a classification of the mixture as Category Chronic I the classification procedure is 
completed. 
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423. In cases where the mixture is not classified as Chronic I, classification of the mixture as 
Chronic II is considered. A mixture is classified as Chronic ll if I 0 times the sum of all components 
classified as Chronic I plus the sum of all components classified as Chronic II is greater than 25%. 
If the result of the calculation is classification of the mixture as Chronic II, the classification process 
is completed. 

424. In cases where the mixture is not classified either as Chronic I or Chronic ll, classification 
of the mixture as Chronic Ill is considered. A mixture is classifwd as Chronic 11I if 100 times the 
sum of all components classified as Chronic I plus 10 times the sum of all components classified 
·with Chronic II plus the sum of all components classified as Chronic III is greater than 25%. 

425. If the mixture is still not classified in either Category Chronic I, II or Til, classification of 
the mixture as Chronic IV should be considered. A mixture is classified as Chronic rv if the sum of 
the percentages of components classified as Chronic I, II, III and IV is greater than 25%. 

426. TIIC classification of mixtures for chronic hazards, based on this summation of classified 
components, is summarised in Table 17 below. 

Table 17: Classification of a mh::ture for chronic hazards, based on 
summation of classified components. 

Sum of componcnl<> classified as: Mixture is classified as: 

Chronic I x M' 1 >25% Chronic I 
I (M x 10 x Chronic I +Chronic II >25% Chronic ll 
I (M x 100 x Chronic I)+(I Ox Chronic II +Chronic III >25% Chronic III 

Chronic I+ Chronic ll + Chronic Ill +Chronic IV >25% Chronic IV 

!j for e.rplana!ion ujthe Mfactar. see parograplt 427 

Mixlures with high(v loxic compoueuts 

427. Acute Category I components with toxicities well below I mg/L may influence the toxicity 
of the mixture and should be given increased weight in applying the summation of classification 
approach. When a mixture contains components classified as Acute or Chronic Category I, the 
tiered approach described in paragraphs 418-426 should be applied using a weighted sum by 
multiplying the concentrations of each Acute Category 1 components by a factor, instead of merely 
adding up the percentages. This means that the concentration of "Acute I"in the left column of 
Table 16 and the concentration of "Chronic r' in the left column of Table 17 are mnltiplicd by the 
app10priatc nmltiplying factor. The multiplying factors to be applied to these components are 
defined using the toxicity value, as summarised in Table IS below. Therefore, in order to classify a 
mixture containing Acute/Chronic I components, the classifier needs to be infonncd of the value of 
the M factor in order to apply the summation method. Alternatively, the additivity formula 
(paragraph 4I2) may be used when toxicity data arc available for ail highly toxic components in the 
mixture and there is convincing evidence that all other components, including those for which 
specific acute toxicity data arc not available, arc of low or no toxicity and do not significantly 
contribute to the environmental hazard of the mixture. 
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Table 18: Multiplying factors for highly toxic components of mixtures 

L E)C50 value Multiplying factor (M) 
0.1 <L E)Cso <I I 

O.Gl <L{E C50 <0.1 10 
0.001 <L(E so<O.Ol 100 

0.0001 < L(E Cso ::S 0.001 1000 
0.00001 < L(E C5o < 0.0001 10000 

(continue in factor 10 intervals) 

CLASSIFICATION OF MIXTURES WITH COMPONENTS WlffiOUT ANY USEABLE 
INFORlUA TION. 

428. In the event that no useable infonnation on acute and/or chronic aquatic toxicity is 
available for one or more relevant component~, it is concluded that the mixture cannot be attributed 
(a) definitive hazard category(ies). In this situation the mixture should be classified based on the 
!mown components only, with the additional statement that: "x percent of the mixture consists of 
componentsM of unknown hazard~ to the aquatic environment". 

119 



259

ENV/JMIMON0(200!)6 

ANNEXl , 
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For the convenience and comparison of the various endpoints, the scheme and criteria for classifying each hazard are presented in the following 
dia&,•rnm. The criteria have been drastically abridged and the end-point chapters must be consulted for the specific details to avoid 
misunderstanding. 

ENDPOINT HAZARD CATEGORIES AND CRITERIA 

ACUTE TOXICITY Cntc or I Catcgor 2 Catc o 3 Calc o 4 Calc o s 
Oral 5 50 300 2 000 5 000 (or equivalent dose~ fm· 
(mglkg) other routes) 

Dermal 50 200 I 000 2000 Crio:c1ia: 

mg/kgl • Indication of signi licant dfect 

Inhalation"'" 1 inhuman 

• Any mortal icy al Category 4 
gas (ppm) 100 500 2 500 5 000 • Significant clinical signs at 

vapnur Qng/Ll""" 2
•
3 Cutegory 4 

0.5 2.0 10 20 • Indications fi·om other studies 

dnstlmisL~ (mg/U4 hrs} ""'" 4 

0.05 0.5 1.0 5 

Note I: hthfllation cut-offvalucs arc based on 4 hour testing c;;;posurc~. Conversion of existing inh:tlatiou toxicity 1lata which has been generated according to I hour exposures 
~honld be by dividing by u factor of2 lOr gases und vapours aml4 for dusts and mb1s. 

Note 2: Sa111mted vaponr conccotrntiou muy be n~ed a san additional element to provide for specifiC healtl1 and safety. 

Note 3: For some chcnJicals the tc.~t aunosphcre will not just be a vapour but will consist of a miXlure of liquid and vapour phases. For other chemicals the test atmosphere may 
consist of a vapour which is near the gaseous phase. In these latter cases, classification should be based on ppm as follo~>r"S: Category I { 100 ppm), Catcgoty:! (500 ppm), 
Category 3 (2500 ppm), Category 4 (5000 ppm}. 

Notc4: The values for dusts and mists should be reviewed to adapt to any future chan[,.''-'5 to OECD Te:.1 Guidelines with respet.1to technical limitation in generating, maintaiuing 
nod measuring dust and mi~t eonccotrntions in respirable fonn. 
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ENDPOINT HAZARD CATEGORIES AND CRITERIA 

Category I Category 2: Category 3: 

DERMAL - Reversible adverse effects - Reversible adverse effects 
IRRITATION! Destruction of dermal tissue: visible necrosis in at least one tmimal in dermal tissue in dennal tissue 
CORROSION 

Subcategory I A SubcategorY I B Subcategory 1 C - Mean Draize score in 2 of - Mean Draize score in 2 
3 animals: of3 animals: 

Exposures; 3 minute~ Exposures; I hour Exposure.::; 4 hours 2.3 ::;erythema/eschar/ 1.5 $.._erythema/ 
Observations; I hour Observation ;S 14 days Observation.::; 14 days edema< 4.0, or eschar/ edema < 2.3 

- persistent inflanunation 

Category I Category 2 

- Irreversible damage to cornea, iris, conjunctiva 21 days afler exposure in at - reversible adverse effects on cornea, iris, conjucliva 
EYE IRRIT A TIONI least one animal - mean Drai:le score in 2 of3 animals: 
CORROSION - mean Draize score in 2 of 3 animals: - corneal opacity: ::;:!,iritis: 2:1 ,redness .:::_2,cllemosis: 2::2 

corneal Opl!City.?: 3, iritis >1.5 
Subcalcgory 2A: Subcalcgory 28: 

reversible in 21 da~ reversible in 7 ~ys 

CategorY I: 
RESPIRATORY 

- evidence of specific respiratory hypersensitivity, SENSITISATION " - positive results from animal test 

Category 1: 
DERMAL 

- evidence in humans of sensitisation by skin contact, or SENSlTlSATlON 
- positive results from animal tests 
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ENDPOINT HAZARD CATEGORIES AND CRITERIA 

~·ulcgoiT I Calegnry2: 

known 10 produce heritable mutations in human germ cell~ 

GERM CELL Subcatcgmy t A Subcategory I B 
MUTAGENICITY 

positive evidence from positive results in; 
epidemiological - h1 ri1v heritable germ cell le1J.s " 1nayiodocc heritable mlllations inlntiUan gcrn1 cells 
studies i11 mammals " positive evidence from tests in manunals :111d somatic cell tests 

- human germ cell lesu; " in vim somatic genotoxidty supported by i11 vitro mutagenicity 
- i11 v/VIt somatic nnttagcnicily fcsL~, 

combined tvith some cvidcn~ of 
gem! CCII mutagenicity 

Calegorv 1: Category 2: 

Knnwn or presumed carcinogen 

Subcategory tA: Suhcatcgmy I B: " suspected carcinogen 
CARCINOGENICITY - lintitcd evidence oflumtan or auimal carcinogenicity 

knovm human carcinogen based on 11resnmed hmmm cardnogen b:1sed on 

hum<m evidence demonslmlcd animal carcinogenkity 

Categorx l: Category 2: Addhi011al Ca~caoa 
REPRODUCTIVE knmvn or presumed human reproductive or developmental toxicnnt 

TOX1.CITY su~pe~ted human reprodu~livc or etTects on orvi3 h1cl<ltion 

Catc:;ory tA: Category IB: developmental toxicant 

ow= presumed 
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ENDPOiNT HAZARD CATEGORIES AND CRITERIA 

CATEGORY t CATEG0RY2 

P~sumed to have the potential1o produce signiftcant toxicity Presumed to have the potetlli~ll to be lmnnful 

SPECIF lC TARGET • Observatiort~ from anitual studies 
ORGAN SYSTEMIC • Reliablt' ev'tdence Irurn humans 

Expect judgement based on weight of evidence including the • TOXICITY: • Observ;~tions from animal studies lbllolVing guidMce vnlues of dos<llevel showing the e!Tects 
• Expert judgement based on weight of evidence including the 

SINGLE EXPOSURE - oral 2000 ~ > 300 rn!VL 
following guidance values of dose levels showing the effect: - dermal 2000 :;:c >I 000 rng/L - oral S 301J mgfkg/bw inhalation (gas) 5000 :::.c >2500 ppm -- dermal :;: 1000 mg/kglbw - inhalation (vapour) 20 :;:c > 10 mg/L - inhalation (ga9) S 2500 ppm inhalation (dust/mist) 5 :;:e > Ulmg!L -- inhalation (vapour) $ 10 wg!L 

- inhalation (dust/mist):::; 1.0 rng/1. 

CATEGORY I CATEGORY 2 

Prc~umcd to have the jlotential to produce significant toxicity !'resumed to have the potential to be hatlnf\11 
SPECIFIC TARGET 

Obscrvmions lfom m1imal sludics ORGAN SYSTEMIC • • Rel"mble evidence from humans 
E~pectjudgcmcnt based on weight of evidence includiug the 'fOXfCITY: • • Observations fr01n animal studies following guidance values of dose level sholVing the effects 

REPEATED EXPOSURE • Expert judgement based on weight of evidence including the - ural 100 :O::e> 10 rng/L 
following gu"1dancc value~ 11f dnse IC'>'els showing tl1c ciTcct: - dermal 200 :;:e>201ugll. 

- oral $ 10 mglkg/bw - inhalation (gas) 250 :;:e> 50 ppn1 
- dermal $ 20 mg/kglbw - inh~ln1ion {l'npoor) 110 :;:c>IJ.2mgf\. 
- inhalatiou (gas) s 50 ppm inhuh1tion (dn_<;t/mist) 0.2 ;occ > 0.02 mg/L -- inhalation (vapllllt) $ 0.2 nlgi'L 

- inhalation (dust/mist) S 0.02 mg!L 
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ENDPOINT HAZARD CATEGORIES AND CRITERIA 

Acute Category I: ACJrlc Cole gory 2: Aclltc Category 3: 

acute toxidty'S I.OOmg!L acute toxicity> 1.00 but~ IO.Omg/L acme toxicity> 10.0 butS IOOmg!L 

AQUATiC 
TOXTCffY Chronic Cmegory I: Chronk Category 2: Chronic Category 3: Ci)ronic Category 4: 

acute toxicity$ I.OOmg/L and lack acute toxicity> 1.00 but $ I O.Omg/L aculc toxicity> l!LO bul::; lOOmg/L acute tuxicity > l 00 rng/L ar1d lack or 
of rapid dcgrall\lbility and log Kow und lack of1-apid dcgradllbility and and lack of mpid dcgradability and rapid degradabilily and log Kow ~ 4 
~4 unless BCF < 500 log Kow ~4 unless BCF <500 and log Kow 2 4unlcss BCF < 500 and unless BCF < 500 and unless chronic 

uulcss chronic toxicity> I mg/L unless chronic toxicity> lmg/L toxicity> l mg/L 
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Glossary of important terms used in the Guidance Document l) 

Substance Chemical elements and their compounds in the natural state or 
obtained by any production process, including any additive 
necessary to preserve the stability of the product and any impurities 
deriving from the process used, but excluding any solvent which 
may be separated without affecting the stability of the substances or 
changinll its comoosition. 

Mixture 2' Mixtures or solutions composed of two or more substances in which 
they do not react. 

Multi~component Mixtures comptising a complex mix of individual substances with 
substances or Complex different solubilities and physico-chemical properties. In most 
substances 31 cases, they can be characterised '' ' homologous series of 

substances with a certain range of carbon chain length/number or 
degree of substitution. These materials are frequently refened to as 
"complex mixtures". But, in tlris Guidance Document, these are 
rcfcncd to as "multi-component substances". 

Geometric mean of the Antilog of the mean of the log-transfonned effect concentrations. 
effect concentrations 
Availability Availability is the extent to which a substance becomes a soluble or 

disaggregate species. For metals availability is the extent to which the 
metal ion portion of a metal (Nf) compowtd can disaggregate from 
the rest of compound (molecule). 

Bioavailability Extent to which a substance is taken up by an organism, ru'd 
distributed to an area within the organism. It is dependent upon: 
physicochemical properties of the sttbstancc; anatomy and physiology 
of the organism; pharmacokinetics; and route of exposure. 
Availability is not a prerequisite for bioavailability. 

Acute toxicity Intrinsic property of a substance to be injurious to an organism in a 
short-tenn exposure to that substance. 

Chronic Toxicity Potential or actual properties of a substance to cause adverse effect<; to 
aquatic organisms during exposures which are determined in relation 
to the life-cycle of the organism. 

Degradation Decomposition of organic molecules to smaller molecules and 
eventuallY to carbon dioxide, water and salts. 

Bioaccumulation Net result of uptake, transformation, and elimination of a substance 
in an organism due to all routes of exposure (i.e., via air, water, 
sediment/soil, and food). 

Bioconcentration Net result of uptake, transfonnatiou, and elimination of a substance 
in an organism due to waterborne exposure. 

Note t. Alltenns and their description should be considered as working definitions for the purpose of this 
Guidance Document only. 

Note 2. The definition is cited from a paper (ENV/JM/HCL(99)11), entitled ''Step 2 proposal for Hannoniscd 
Classification Criteria for Mixtures" and therefore considered as a provisional definition. 

Note 3. Consideration is given to the consistency with the definition of '~nulli-contponent substances" (or 
"complex substance~") in Draft Guidance Document on Aquatic Toxicity Testing of Difficult Substances and 
Mixtures. 
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1. INTRODUCTION 

I. As part of a wider international effort on the global hannonisation of hazard cla<;sification 
systems, agreement was reached in technical working groups on a set of criteria that would form the 
basis of a global scheme for identifying substances hazardous to the aquatic environment. Such a 
scheme forms part of an intemational agreement on hazard classification of substances. The criteria 
were emlorsed by the Joint Meeting of the OECD in November 1998 and fonn part of the Globally 
Ham10nised Classification System (GHS) which is expected to be implemented under ECOSOC in 
2001 (sec Appendix). In developing the criteria, it was agreed that the detail needed to properly 
define the hazard to the environment resulted in a complex system for which some suitable guidance 
would be necessary. The harmonised proposal makes a number of references to a Guidance 
Document in the detailed explanation of the scheme. The purpose of this document is therefore 
twofold: 

• to provide a description of and guidance to how the system will work 
• to provide a guidance to the intetpretation of data for usc in applying the classification 

criteria 

2. The hazard classification scheme has been developed with the object of identifying those 
chemical substances that present, through the intrinsic properties they possess, a danger to the 
aquatic environment. In this context, the aquatic environment is taken as the aquatic ecosystem in 
freshwater and marine, and the organisms that live in it. For most substances, the majority of data 
available addresses this environmental compartment. The definition is limited in scope in that it 
does not, as yet, include aquatic sediments, nor higher organisms at the top end of the aquatic food­
chain, although these may to some extent be covered by the criteria selected. 

3. Although limited in scope, it is widely accepted that this compartment is both vulnerable, 
in that it is the final receiving environment for many hannful substances, and the organisms that live 
there are sensitive. It is also complex since any system that seeks to identify hazards to the 
environment must seek to define those effects in terms of wider effects on ecosystems rather than on 
individuals within a species or population. As will be described in detail in the subsequent chapters, 
a limited set of specific properties of chemical substances have been selected through which the 
hazard can be best described: aquatic toxicity; lack of degradability; and potential or actual 
bioaccumulation. The rationale for the selection of these data as the means to defme the aquatic 
hazard will be described in more detail in Chapter 2. 

4. The application of the criteria is also limited, at this stage, to chemical substances. The 
term substances covers a wide range of chetnicals, many of which pose difficult challenges to a 
classification system based on rigid criteria. The following chapters will thus provide some 
guidance as to how these challenges can be dealt with based both on experience in use and clear 
scientific rationale. A substance, in this context, is defmed in the Step 2 Proposal for Harmonised 
Classification Criteria for Mixtures (ENV/JM/HCL(99)11) as "chemical clements and their 
compounds in the natural state or obtained by any production process, including any additive 
ncccssaty to preserve the stability of the product and any impurities deriving from the process used, 
but excluding any solvent which may be separated without affecting the stability of the substance or 
changing its composition". While the hannoniscd criteria apply most easily to d1c classification of 
individual substances of defined structure, some materials that fall under this definition arc 
frequently rcfcn·ed to as "complex mixtures". In most cases they can be characterised as a 
homologous series of substances with a certain range of carbon chain length/number or degree of 
substitution. Special methodologies have been developed for testing which provides data for 
evahmting the intrinsic hazard to aquatic organisms, bioaccumulation and degradation. More 
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specific guidance is provided in the separate chapters on these properties. For the purpose of this 
Guidance Document, these materials will be referred to as "complex substances" or "multi­
component substances". 

5. While aspects of the criteria can potentially be applied to chemical mixtures, the 
interpretation of test data is often complex and ambiguous and it is possible that another method of 
classification, such as a calculation based on the component substances may be preferred. The basis 
of a hrumonised approach to the classification of mixtures is still under discussion and thus, while 
the criteria should form the basis of future decision making, it is not felt that they can or should be 
applied directly to mixtures at this time. 

6. Each of these properties (i.e., aquatic toxicity, degradability, bioaccumulation) can present 
a complex interpretational problen1, even for experts. While internationally agreed testing 
guidelines exist and should be used for any and all new data produced, many data usable in 
classification will not have been generated according to such standard tests. Even where standard 
tests have been used, some substances, such as complex substances, hydrolytically unstable 
substances, polymers etc, present difficult interpretational problems when the results have to be used 
within the classification scheme. Thus data are available for a wide variety of both standard and 
non-standard test organisms, both marine and freshwater, of varying duration and utilising a variety 
of endpoints. Degradation data may be biotic or abiotic and can vary in environmental relevance. 
The potential to bioaccumulate can, for many organic chemicals, be indicated by the octanol~water 
partition coefficient. It can however be affected by many other factors and these will also need to be 
taken into account. 

7. It is clearly the objective of a globally hannonised system that, having agreed on a 
common set of criteria, a common data~set should also be used so that once classified, the 
classification is globally accepted. For this to occur, there must first be a common understanding of 
the type of data that can be used in applying the criteria, both in type and quality, and subsequently a 
common interpretation of the data when measured against the criteria. For that reason, it has been 
felt necessary to develop a transparent guidance document that would seek to expand and explain 
the criteria in such a way that a common understanding of their rationale and a common approach to 
data interpretation may be achieved. This is of particular importance since any hannoniscd system 
applied to the "universe of chemicals" will rely heavily on sclf-cla~sifical ion by manufacturers and 
suppliers, classifications that must be accepted across national boundaries without always receiving 
regulato1y scrutiny. This guidance document, therefore, seeks to infonn the reader, in a number of 
key areas, and as a result lead to classification in a consistent manner, thus ensuring a tnily 
hannonised and self-operating system. 

8. Firstly, it will provide a detailed description of the criteria, a rationale for the criteria 
selected, and an overview of how the scheme will work in practice (Chapter 2). This chapter will 
address the common sources of data, the need to apply a quality criteria, how to classify when the 
data-set is incomplete or when a large data~sct leads to an ambiguous classification, and other 
commonly encountered classification problems. 

9. Secondly, the guidance will provide detailed expert advice on the interpretation of data 
derived from the available databases, including how to usc non-standard data, and specific quality 
criteria that may apply for individual properties. The problems of data interpretation for "difficult 
substances", those substances for which standard testing methods either do not apply or give 
difficult interpretational problems, will be described and advice provided on suitable solutions. The 
emphasis wiil be on data interpretation rather than testing since the system will, as far a<; possible, 
rely on the best available existing data and data required for regulatory purposes. The three core 
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properties, aquatic toxicity (Chapter 3), degradability (Chapter 4) and bioaccumulation (Chapter 5) 
are treated separately. 

I 0. The range of interpretational problems can be extensive and as a result such interpretation 
will always rely on the ability and expertise of the individuals responsible for classification. 
However, it is possible to identifY some commonly occurring difficulties and provide guidance that 
distils accepted expert judgement that can act as an aid to achieving a reliable aud consistent result. 
Such difficulties can fall into a number of overlapping issues: 

a) The difficulty in applying the cturcnt test procedures to a number of types of substance. 
b) The difficulty in interpreting the data derived both from these "difficult to test" 

substances and from other substances. 
c) The difficulty in interpretation of diverse data-sets derived from a wide variety of sources. 

11. For many organic substances, the testing and interpretation of data present no problems 
when applying both the relevant OECD Guideline and the classification criteria. There are a 
number of typical interpretational problems, however, that can be characterised by the type of 
substance being studied. These are conunonly called "difficult substances": 

poorly soluble substances: these substances are difficult to test because they present 
problems in solution preparation, and in concentration maintenance and verification 
during aquatic toxicity testing. In addition, many available data for such substances 
have been produced using "solutions" in excess of the water solubility resulting in 
major interpretational problems in defining the true L(E)C50 for the purposes of 
classification. Interpretation of tlte partitioning behaviour can also be problematic 
where the poor solubility in water and octanol may be compounded by insufficient 
sensitivity in the aualytical method. Water solubility maybe difficult to detennine and 
is frequently recorded as simply being less than the detection limit, creating problems 
in interpreting both aquatic toxicity and bioacClnnulation studies. ln biodegradation 
studies, poor solubility may result in low bioavai\ability and thiL'; lower than expected 
biodegradation rates. The specific test method or the choice of procedures used can 
thus be of key importance. 

tmstablc substances: substance that degrade (or react) rapidly in the test system again 
present both testing and interpretational problems. It will be nccessruy to dctcnnine 
whether the correct methodology has been used, whether it is the substance or the 
degradation/reaction product that has been tested, and whether the data produced is 
relevant to the classification of the parent s11bstancc. 

volatile substances: such substances that can clearly present testing problems when 
used in open systems should be evaluated to ensure adequate maintenance of exposure 
concentrations. Loss of test material during biodegradation testing is inevitable in 
certain methods and will lead to misinterpretation of the results. 

complex or multi-component substances: such substances, for example, hydrocarbon 
tnixtures, frequently cannot be dissolved into a homogeneous solution, and the 
multiple components make monitoring impossible. Consideration therefore needs to 
be given to using the data derived from the testing of water acconunodated fractions 
(WAFs) for aquatic toxicity, and the utilisation of such data in the classification 
scheme. Biodegradation, bioaccumulation, partitioning behaviour and water solubility 
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all present problems of interpretation, where each component of the mixture may 
behave differently. 

polymers; such substances frequently have a wide range of molecular masses, with 
only a fraction being water soluble. Special methods are available to detennine the 
water soluble fraction and these data will need to be used in interpreting the test data 
against the classification criteria. 

inorganic compounds and metals: such substances, which can interact with the media, 
can produce a range of aquatic toxicities dependant on such factors as pH, water 
hardness etc. Difficult interpretational problems also arise from the testing of essential 
elements that arc beneficial at certain levels. For metals and inorganic metal 
compound~, the concept of dcgradability a<; applied to organic compounds has limited 
or no meaning. Equally the usc ofbioaccwnulation data should be treated with care. 

surface active substances: such substances can form emulsions in which the 
bioavailablity is difficult to ascertain, even with careful solution preparation. Micelle 
fonnation can result in an overestimation of the bioavailable fraction even when 
"solutions" are apparently funned. This present<; significant problems of interpretation 
in each of the water solubility, partition coefficient, bioaccumulation and aquatic 
toxicity studies. 

ionizable substances: such substances can change the extent of ionization according to 
the level of counter ions in 1he media. Acids and bases, for example, will show 
radically different partitioning bchavionr depending on the pH. 

coloured substances: such substance can cause problems in the algal/aquatic plant 
testing because of the blocking of incident ligh1. 

impurities: some substances can contain impurities that can change in % and in 
chemical nature between production batches. Interpretational problems can arise 
where either or both the toxicity and water solubility of the impurities are greater than 
the parent substance, thus potentially influencing the toxicity data in a significant way. 

12. These represent some of the problems encountered in establishing the adequacy of data, 
interpreting the data and applying that data to the classification scheme. Detailed guidance on how 
to deal with these problems, as well as other issues related will be presented in the following 
Chapters. The interpretation of data on aquatic toxicity will be covered in Chapter 3. This chapter 
will deal with the specific interpretational problems encountered for the above "difficult 
substances", including providing some advice on when and how such data can be used within the 
classification scheme. Also covered will be a ,general description of the test data used and the 
testing methodologies suitable for producing such data. 

13. A wide range of degradation data arc available that must be interpreted according to the 
criteria for rapid dcgradability. Guidance is thus needed on how to use these data obtained by 
employing nonNstandard test methods, including the use of halfNlives where these are available, of 
primary degradation, of soil degradation rates and their suitability for extrapolation to aquatic 
degradation and of environmental degradation rates. A short description of estimation techniques 
for evaluating degradability in relation to the classification criteria is also included. This guidance 
will be provided in Chapter 4. 
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14. Methods by which the potential to bioaccumulate can be detennined will be described in 
Chapter 5. This chapter will describe the relationship between the partition coefficient criteria and 
the bioconcentration factor (BCF}, provide guidance on the interpretation of existing data, how to 
estimate the partition coefficient by the use ofQSARs when no experimental data are available and 
in particular deal with the specific problems identified above for difficult substances. The problems 
encountered when dealing with substances of high molecular mass will also be covered. 

15. A chapter is also included which covers general issues concerning the use of QSARs 
within the system, when and how they may be used, for each of the three properties of concern. As 
a general approach, it is widely accepted that experimental data should be used rather than QSAR 
data when such data are available. The use of QSARs will thus be limited to such times when no 
reliable data are available. Not all substances are suitable for the application ofQSAR estimations, 
however, and the guidance in Chapter 6 will address this issue. 

16. Finally, a chapter is devoted to the special problems associated with the classification of 
metals and their compounds. Clearly, for these compounds, a number of the specific criteria such as 
biodegradability and octano!Mwater partition coefficient cannot be applied although the principle of 
lack of destruction via degradation, and bioaccumulation remain important concepts. Thus it is 
necessary to adopt a different approach. Metals and metal compounds can undergo interactions 
with the media which affect the solubility of the metal ion, partitioning from the water column, and 
the species of metal ion that exists in the water column. In the water column, it is generally the 
dissolved metal ions which are of concern for toxicity. The interaction of the substance with the 
media may either increase or decrease the level of ions and hence toxicity. It is thus necessary to 
consider whether metal ions arc likely to be formed from the substance and dissolve in the water, 
and if so whether they are formed rapidly enough to cause concern. A scheme for interpreting the 
results from this type of study is presented in Chapter 7. 

17. While the Guidance Document provides useful advice on how to apply the criteria to a 
wide variety of situations, it rc111ains a guidance only. It cannot hope to cover all situations that 
arise in classification. It should therefore be seen as a living document that in part describes the 
fundamental principles of the system, e.g., hazard based rather than risk based, and the fixed criteria. 
It mnst also, in part, be a repository for the accumulated experience in using the scheme to include 
the interpretations which allow the apparently fixed criteria to be applied in a wide variety ofnonM 
standard situations. 
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2. THE HARMONIZED CLASSIFICATION SCHEME 

2.1 SCOPE 

18. TIIC criteria were developed taking into account existing systems for hazard classification, 
such as EU- Supply and Usc System, the Canadian and US Pesticide systems, GESAMP hazard 
evaluation procedure, IMO Scheme for Marine Pollutant, the European Road and Rail Transport 
Scheme (RID/ADR), and the US Land Transport. These systems include supply and subsequent use 
of chemicals, the sea transport of chemical substances as well as transport of chemical substances by 
road and rail. The harmonised criteria arc therefore intended to identify hazardous chemicals in a 
common way for usc throughout all these systems. To address the needs for all different sectors 
(transport and supply and use) it was necessary to create two different classification categories, one 
acute category, consisting of three categories and one chronic category, consisting of 4 categories. 
The acute classification category makes provision for two acute hazard categories (acute II and 111) 
not nonnally used when considering packaged goods. For substances transported in bulk, there are 
a number of regulatory decisions that can uniquely arise because of the bulk quantities being 
considered. For these situations, for example where decisions are required on the ship type to be 
nsed, consideration of all acute classification categories as well as the chronic classification 
categories are considered important. The following paragraphs describe in detail the criteria to be 
used in defming each of these hazard categories. 

2.2 CLASSIFICATION CATEGORIES AND CRITERIA 

19. The hazard categories have been defined, according to the criteria set out below. 

2.2.1 Acute toxicity 

Categorv: Acute 1 
Acute toxicity: 

96hrLC50 (forfish) 51 mg!L and/or 
48 hrEC50 (forcmstacca) 51 mg!L and/or 
72 or 96hr ErC50 (for algae or other aquatic plants) :S:l mg!L. 

Category: Acute I may be subdivided for some regulatory systems to include a lower band at L(E)C;;0 50.1 
mg/L. 

Categorv: Acute II 
Acute toxicity: 

96 hr LC50 (for fish) 
48 hr EC50 (for crustacea) 
72 or 96hr ErC50 (for ahme or other aonatic 'olants) 

Categorv: Acute HI 
Acute toxicity: 

>I- :S:lO rng!L and/or 
>1-:5:10 mg!L and/or 
>1-<10 mg/L. 

96 hrLC50 (forfish) >10- :5:100 mg!L and/or 
48hrEC50 (forcrustacea) >10-:S:lOOmg!L and/or 
72 or 96hr ErC50 (for algae or other aquatic plants) > 10- :5:100 mg/L. 

Some regulatory systems may extend this range beyond an L{E)C50 of 100 mg!L through the inhuduction 
ofanotl!Cr category. 
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96 hr LC50 (for fish) ~I mg!L and/or 
48 hr EC50 (for crustacea) ~I mg/L and/or 
72 or 96hr ErC50 (for algae or other aquatic plants) :::;1 mg/L 

and the substance is not rapidly degradable and/or the log Kow :<= 4 (unless the experimentally determined 
BCF <500). 

Categorv: Chronic 11 
Acute toxicity 

96 hrLC5o (for fish) >1 to S:J 0 mg/L and/or 
48hrEC50 (forcrustacea) >I to:<:;:!Omg!L and/or 
72 or 96hr ErC50 (for algae or other aquatic plants) > 1 to :510 mgJL 

and the substance is not rapidly degradable and/or the log Kow ?.:4 (unless the experimentally determined 
BCF <500), unless the chronic toxicity NOECs are> I m0r.. 

Categorv: Chronic JJJ 
Acute toxicity: 

96 hr LC50 (for fish) >I 0 to :5100 mg!L and/or 
48 hr EC50 (for crustacea) >I 0 to :s;JOO mg!L and/or 
72 or 96hr ErC50 (for algae or other aquatic plants) > 10 to :.:;;100 mg/L 

and the substance is uot rapidly degradable and/or the log Kow 24 (unless the experimentally detennined 
BCF <500) unless the chronic toxicity NOECs are >1 mg/L 

Category: Cltronic IV 
Poorly soluble substances for which no acute toxicity is recorded at levels up to the water solubility, and 
which are not rapidly degradable and have a log Kow 2 4, indicating a potential to bioaccumulate, will be 
classified in tills category tmlcss other scientific evidence exists showing classification to be unnecessary. 
Such evidence would include an experimentally detcnnincd BCF <500, or a chronic toxicity NOECs >I 
mg/L, or evidence of rapid degradation in the environment. 

2.3 RATIONALE 

20. The harmonised system for classification recognises that the intrinsic hazard to aquatic 
organisms is represented by both the acute and chronic or longer-term toxicity of a substance, the 
relative importance of which is determined by the specific regulatory regimes in operation. 
Distinction can be made between the acute hazard and the chronic hazard and therefore hazard 
categories are defined for both properties representing a gradation in the level of hazard identified. 
Clearly the hazard identified by Chronic I is more severe than Chronic 11. Since the acute hazard 
and chronic hazard represent distinct types of hazard, they are not comparable in terms of their 
relative severity. Both hazard classed should be applied independently for the classification of 
substances to establish a basis for all regulatory systems. 

21. The principal hazard bands defined by the criteria relate largely to the potential for chronic 
hazard. This reflects the ovetTiding concern with respect to chemicals in the environment, uamcly 
that the effects caused arc usually sub-lethal, e.g., effects on reproduction, and caused by longer­
term exposure. While recognisi.ug that the chronic hazard represents the principal concern, 
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particularly for packaged goods where environmental release would be limited in scope, it must also 
be recoguised that chronic toxicity data are expensive to generate and generally not readily available 
for most substances. On the other hand, acute toxicity data are frequently readily available, or can 
be generated to highly standardised protocols. It is this acute toxicity which has therefore been used 
as the core property in defining both the acute and the chronic hazard. Nevertheless, it has been 
recognised that, where chronic toxicity data are available, it should be possible to use these in 
defining the appropriate hazard band. The development of specific criteria using such data is thus a 
high priority in the future development of the scheme. 

22. While recognising that acute toxicity itself is not a sufficiently accurate predictor of 
chronic toxicity to be used solely and directly for establishing hazard, it is considered that, in 
combination with either a potential to bioaccumulate {i.e., a log Kow :?:4 unless BCF <500) or 
potential longer-term exposure {i.e., lack of rapid degradation) it can be used as a suitable surrogate 
for classification purposes. Substances that show acute toxicity and also bioaccumulate to a 
significant degree will nommlly show chronic toxicity at a significantly lower concentration. 
Precise acute: chronic ratios are difficult to predict and thus the surrogate data are generally 
precautionary. Equally substances that do not rapidly degrade have a higher potential for giving rise 
to longer term exposures which again may result in long-tenn toxicity being realised. Thus, for 
example, Category Chronic I should be assigned if either of the following criteria are met: 

i) L(E)C50 for any appropriate aquatic species $;lmgtl and a potential to bioaccumulate 
{log Kow :?:4unless BCF <500). 

ii) L{E)C50 for any appropriate aquatic species $;1 mg/1 and a lack of rapid degradation. 

23. The precise definitions of acute toxicity of an appropriate species, lack of rapid 
degradation and potential to bioaccumulate are detailed in Chapters 3, 4 and 5 respectively. 

24. For some poorly soluble substances, which are nonnally considered as those having a 
water solubility< 1 mg/1, no acute toxicity is expressed in toxicity tests perfonned at the solubility 
limit. If for such a substance, however, the BCF:?: 500, or if absent, the log K,w:?: 4 {indicating a 
bioaccumulating potential) and the substance is also not rapidly degradable, a safety net 
classificafton is applied, Chronic Category IV. For these types of substance the exposure duration in 
short tenn tests may well be too short for a steady state concentration of the substance to be reached 
in the test organisms. Thus, even though no acute toxicity has been measured in a short tenn {acute) 
test, it remains a real possibility that such non-rapidly degradable and bioaccumulative substances 
may exert chronic effects, particularly since such low degradability may lead to an extended 
exposure period in the aquatic environment. 

25. In defining acute aquatic toxicity, it is not possible to test all species present in an aquatic 
ecosystem. Representative species are therefore chosen which cover a range of trophic levels and 
taxonomic groupings. The taxa chosen, fish, crustacea and aquatic plants that represent the "base­
set" in most hazard profiles, represent a minimum data-set for a fully valid description of hazard. 
The lowest of the available toxicity values will notmally be used to define tbe hazard category. 
Given the wide range of species in the environment, the three tested can only be a poor surrogate 
and the lowest value is therefore taken for cautious reasons to define the hazard band. In doing so, it 
is recognised that the distribution of species sensitivity can be several orders of magnitude wide and 
that there will thus be both more and less sensitive species in the environment. Thus, when data arc 
limited, the usc of the most sensitive species tested gives a cautious but acceptable definition of the 
hazard. There are some circ\lmstanccs where it may not be appropriate to usc the lowest toxicity 
value as the basis for classification. 11tis will usually only arise where it is possible to define the 
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sensitivity distribution with more accuracy than would normally be possible, such as when large 
data-sets are available. Such large data-sets should be evaluated with due caution. 

2.4 APPLICATION 

26. Generally speaking, in deciding whether a substance should be classified, a search of 
appropriate databases and other sources of data should be made for the following data elements: 

water solubility 
octanollwater partition coefficient (log Kow) 
fish bioconcentration factor (BCF) 
acute aquatic toxicity (L(E)Csos) 
chronic aquatic toxicity (NOECs) 
available degradation (and specifically evidence of ready biodegradability) 
stability data, in water 

The water solubility and stability drtta, although not used directly in the criteria, arc nevertheless 
important since they are a valuable help in the data interpretation of the other properties (see para 
II). 

27. To classify, a review should first be made of the available aquatic toxicity data. It will be 
necessary to consider all the available data and select those which meet the necessary quality criteria 
for classification. If there arc no data available that meet the quality criteria required by the 
internationally standardised methods, it will be necessary to examine any available data to detenninc 
whether a classification can be made. If the data indicate that the acute aquatic toxicity L(E)C5o 
>100 mg/1 for soluble substances, then the substance is not classified as hazardous. There arc a 
number of cases where no effects are observed in the test and the aquatic toxicity is thus recorded as 
a >water solubility value, i.e., there is no acute toxicity within the range of the water solubility in the 
test media. Where this is the case, and the water solubility in the test media is :?.::1 mg/1, again, no 
classification need be applied. 

28. Where the lowest aquatic toxicity data arc below 100 mg/1, it is necessary to first decide 
which hazard band the toxicity falls in, and then to determine whether the chronic and/or the acute 
category should be applied. This can simply be achieved by examining the available data on the 
partition coefficient, log K.w and the available data ou degradation. If either the log K.,".:?!4 or the 
SIJbstancc cannot be considered as rapidly degradable, then the appropriate chronic hazard category 
and the corresponding acute category arc applied independently. It should be noted that, although 
the log K.w is the most readily available indication of a potential to bioaccumulate, an 
experimentally derived BCF is preferred. Where this is available, this should be used rather than the 
partition coefficient. In these circumstances, a BCF :?.::500 would indicate bioaccumulation sufficient 
to classify in the appropriate chronic hazard category. lf the substance is both rapidly degradable 
and has a low potential to bioaccumulate (BCF <500 or, if absent Jog K.w <4) then it should not be 
assigned to a chronic hazard band, only the acute hazard bands need be applied (see para 18). 

29. For poorly soluble substances, generally speaking, those with a water solubility in the test 
media of <I mg/1, for which no aquatic toxicity has been found, should be further examined to 
detetmine whether chronic category IV need be applied. Thu~, if the substance is both not rapidly 
degradable and has a potential to bioaccumulate (BCF :?.::500 or, if absent log Kow :?.::4), the chronic 
category IV should be applied. 
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2.5 DATAAVAILABILITY 

30. The data used to classify a substance can be drawn from data required for regulatory 
purposes as well as the relevant literature, although a number of internationally recognised data­
bases exist which can act as a good starting point Such databases vary widely in quality and 
comprehensiveness and it is unlikely that any one database will hold all he information necessary 
for classification to be made. Some databases specialise in aquatic toxicity and others in 
environmental fate. There is an obligation on the chemical supplier to make the necessary searches 
and checks to determine the extent and quality of the data available and to usc it in assigning the 
appropriate hazard band. 

2.6 DATA QUALITY 

31. The precise usc of the available data will be described in the relevant chapter but, as a 
general rule, data generated to standard international guidelines and to GLP is to be preferred over 
other types of data. Equally, however, it is important to appreciate that classification can be made 
based on the best available data. Thus if no data is available which confom1s to the quality standard 
detailed above, classification can still be made provided the data used is not considered invalid. To 
assist this proeess, a quality scoring guide has been developed and used extensively in a number of 
fora and generally conforms to the following catcgodcs: 

1. Data derived from official data sources that have been validated by regulatory 
authorities, such as EU Water Quality Monographs, USEPA Water Quality Criteria. 

These data can be considered as valid for classification purposes. No assumption 
shonld be made that these arc the only data available, however, and due regard 
should be given to the date of the relevant report. Newly available data may not 
have been considered. 

2. Data derived from recognised international guidelines (e.g., OECD Guidelines) or 
national guidelines of equivalent quality. Subject to the data interpretation issues 
raised in the following chapters, these data can be used for classification. 

3. Data derived from testing which, while not strictly according to a guideline detailed 
above, follows accepted scientific principles and procedures and/or has been peer 
reviewed prior to publication. For such data, where all the experimental detail is not 
recorded, some judgement may be required to determine validity. Normally, such 
data may be used within tl1e classification scheme. 

4. Data derived from testing procedures which deviate significantly from standard 
guidelines and are considered as unreliable, should not be used in classification. 

5. QSAR data. The circumstances of use and validity ofQSAR data are discussed in the 
relevant chapters. 

6. Data derived from secondary sources such as handbooks, reviews, citation, etc where 
the data quality cannot be directly evaluated. Such data should be examined where 
data fi·om quality 1,2 and 3 arc not available, to determine whether it can be used. 

Such data should have sufficient detail to allow quality to be assessed. In determining 
the acceptability of these data for the pmposes of classification, due regard should be 
given to the difficulties in testing that may have affected data quality and the 
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significance of the reported result in terms of the level of hazard identified (see para 
76). 

32. Classification may also be made on incomplete toxicity data-sets, e.g., where data are not 
available on all three trophic levels. In these cases, the classification may be considered as 
'provisional' and subject to further infom1ation becoming available. In general, all the data available 
will need to be considered prior to assigning a classification. Where good quality data are not 
available, lower quality data will need to be considered. In these circumstances, a judgement will 
need to be made regarding the true level of hazard. For example, where good quality data arc 
available for a particular species or taxa, this should be used in preference to any lower quality data 
which might also be available for that species or taxa. However, good quality data may not always 
be available for all the basic data set trophic levels. It will be necessary to consider data of lower 
quality for those trophic levels for which good quality data arc not available. Consideration of such 
data, however, will also need to consider the difficulties that may have affected the likelihood of 
achieving a valid result. For example, the test details and experimental design may be critical to the 
assessment of the \Jsability of some data, such as that from hydrolytically unstable chemicals, while 
less so for other chemicals. Such diffictJltics arc described further in Chapter 3. 

33. Nonnally, the identification of hazard, and hence the classification will be based on 
infonnation directly obtained from testing of the substance being considered. There arc occasions, 
however, where this can create difficulties in the testing or the outcomes do not conform to common 
sense. For example, some chemicals, although stable in the bottle, will react rapidly (or slowly) in 
water giving rise to degradation products that may have different properties. Where such 
degradation is rapid, the available test data will frequently define the hazard of the degradation 
products since it will be these that have been tested. These data may be used to classify the parent 
substance in the nonnal way. However, where degradation is slower, it may be possible to test the 
parent substance and thus generate hazard data in the nonnalmanner. The subsequent degradation 
may then be considered in determining whether an acute or chronic hazard category should apply. 
There may be occasions, however, when a substance so tested may degrade to give rise to a more 
hazardous product. In these circumstances, the classification of the parent should take due account 
of the hazard of the degradation product, and the rate at which it can be formed under normal 
environmental conditions. 

3. AQUATIC TOXICITY 

3.1 INTRODUCTION 

34. The basis for the identification of hazard to the aquatic environment for a substance is the 
aquatic toxicity of that substance. Classification is predicated on having toxicity data for fish, crustacea, 
and algae/aquatic plant available. These taxa are generally accepted as representative of aquatic fauna 
and flora for hazard identification. Data on these particular taxa are more likely to be found because of 
tlt.is genernl acceptance by regulatory authorities and the chemical industry. Other information on the· 
degradation and bioaccuurulation behaviour is used to better delineate the aquatic hazard. This chapter 
describes the appropriate tests for ecotoxicity, provides some basic concepts in evaluating the data and 
using combinations of testing results for classification, summarises approaches for dealing with 
difficulty substances, and includes a brief discussion on interpretation of data quality. 

3.2 DESCRIPTION OF TESTS 

35. For classifying substances in the harmonized system, fi·eshwater and marine species toxicity 
data can be considered as equivalent data. It sh011ld be noted tltat some types of substances, e.g., 
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ionizable organic chemicals or organometallic substances may express different toxicities in freshwater 
and marine enviroJUnents. Since the purpose of classification is to characterise hazard in the aquatic 
environment, the result showing the highest toxicity should be chosen. 

36. The GHS criteria for detennining health and environmental hazards should be test method 
neutral, allowing different approaches as long as they are scientifically sound and validated according to 
international procedures and criteria already referred to in existing systems for the endpoints of concern 
and produce mutually acceptable data. According to the proposed system(OECD 1998): 

"Acute toxicity would nommlly be determined using a fish 96 hour LC50 (OECD Test Guideline 203 
or equivalent), a cru.<;tacca species 48 hour EC50 (OECD Test Guideline 202 or equivalent) and/or an 
algal species 72 or 96 hour EC50 (OECD Test Guideline 20 I or equivalent). These species arc 
considered as surrogate for all aquatic organisms and data on other species such as the duckweed 
Lemna may also be considered if the test mcthodo1o~:,;y is suitable. " 

Chronic testing involves an exposure that is lingering or continues for a longer tilnc; the tenn can 
signifY periods from days to a year, or more depending on the reproductive cycle of the aquatic 
organism. Chronic test<; can be done to assess certain endpoints relating to growth, survival, 
reproduction and development. 

"Chronic toxicity data arc less available than acute data and the range of testing procedures Jess 
standardised. Data generated according to the OECD Test Guidelines 210 (Fish Early Life Stage), 202 
Part 2 or 211 (Daphnia Reproduction) and 201 (Algal Growth Inhibition) can be accepted. Other 
validated and internationally accepted tests could also be used. The NOECs or other equivalent L(E)Cx 
should be used." 

37. It should be noted that several of the OECD guidelines cited as examples for classification are 
being revised or are being planned for updating. Such revisions may lead to minor modifications of test 
conditions. Therefore, the expert group that developed the harmonized criteria for classification 
intended some flexibility in test duration or even species used. 

38. Guidelines for conducting acceptable tests with fish, crustacea, and algae can be folU1d in 
many sources (OECD, 1999; EPA, 1996; ASTM, 1999; ISO EU). Tite OECD monograph No.I!, 
Detailed Review Paper on Aquatic Toxicity Testing for Industrial Chemicals and Pesticides, is a good 
compilation of pelagic test methods and sources of testing guidance. This document is also a source of 
appropriate test methodologies. 

3.2.1 Fish Tests 

Acute testing 

39. Acute tests arc generally pcrfonned with young juveniles 0.1 - 5 gin size for a period of 96 
hours. The observational endpoint in these tests is mortality. Fish larger than this range and/or 
durations shorter than 96 hours arc generally less sensitive. However, fur classification, they could be 
used if no acceptable data with the smaller fish for 96 hours are available or the result<; of these tests 
with different size fish or test durations would influence a more hazardotl<; classification band. Tests 
consistent \\>ith OECD Test Guideline 203 (Fish 96 hour LC50) or equivalent should be used for 
classification. 

140 



280

ENV IJMIMON0(200 1)6 

Chronic testing 

40. Chronic or long term tests with fish can be initiated with fertilised eggs, embryos, juveniles, 
or reproductively active adults. Tests consistent with OECD Test Guideline 210 (Fish Early Life 
Stage), the fish life-cycle test (US EPA 850.1500), or equivalent can be used in the classification 
scheme. Durations can vary widely depending on the test purpose (anywhere from 7 days to over 200 
days). Observational endpoints can include hatching success, growth (length and weight changes), 
spawning success, and survival. Technically, the OECD 210 Guideline (Fish Early Life Stage) is not a 
"chronic" test, but a sub-chronic test on sensitive life stages. lt is widely accepted as a predictor of 
chronic toxicity and is used as such for purposes of classification in the hannonized system. Fish early 
life stage toxicity data are much more available than fish life cycle or reproduction studies. 

3.2.2 Crustacea Tests 

Acute testing 

41. Acute tests with crustacea generally begin with first instar juveniles. For daplmids, a te<;t 
duration of 48 hours is used. For other cnJstacea, such as mysids or others, a duration of 96 hours is 
typicaL The observational endpoint is mmtality or immobilisation as a sunugatc to mortality. 
Immobilisation is defined as unresponsive to gentle prodding. Tests consistent with OECD Test 
Guideline 202 Part 1 (Daphnia acute) or USA-EPA OPPTS 850.1035 (Mysid acute toxicity) or their 
equivalents should be used for classification. 

Chronic testiug 

42. Chronic tests with crustacea also generally begin with first instar juveniles and continue 
through maturation and reproductiort For daplmids, 21 days is sufficient for maturation and the 
pmduction of 3 bmods. For mysids, 28 days is necessary. Observational endpoints include time to first 
bmod, number of offspring produced per female, growth, and survival. It is recommended that tests 
consistent with OECD Test Guideline 202 Part 2 (Daplulia reproduction) or US-EPA 850.1350 (Mysid 
chronic) or their equivalents be used in the classification scheme. 

3.2.3 Algae/Plant Tests 

Tests in algae 

43. Algae are cultured and exposed to the test substance in a nutrient-enriched mediwn. Tests 
consistent with OECD Test Guideline 201 (Algal growth inhibition) should be mcd. Standard test 
methods employ a cell density in the inoculum in order to ensure exponential growth through the test, 
usually 3 to 4 days dl.u-ation. 

44. The algal test is a short-tcnn test and, although it provides boU1 acute and chronic endpoint~, 
only the acute EC50 is used for classification in the harmonized system. The preferred observational 
endpoint in this study is algal growth rate inhibition because it is not dependent on the test design, 
whereas biomass depend~ both on growth rate of the test species as well as test duration and other 
clements of test design. If the endpoint is reported only as reduction in biomass or is not specified, then 
this value may be interpreted a~ au equivalent endpoint. 
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Tests in aquatic macrophytes 

45. The most commonly used vascular plants for aquatic toxicity tests are duckweeds (Lemna 
gibba and Lemna minorJ. The Lemna test is a short-term test and, although it provides both acute and 
sub-chronic endpoints, only the acute EC50 is used for classification in the harmonized system. The 
tests last for up to 14 days and are performed in nutrient enriched media similar to that used for algae, 
but may be increased in strength. The observational endpoint is based on change in the number of 
fronds produced. Tests consistent with OECD Test Guideline on Lernna (in preparation) and US-EPA 
850.4400 (aquatic plant toxicity, Lemna) should be used. 

3.3 AQUATIC TOXlCITY CONCEPTS 

46. This section addresses the usc of aClJtc and chronic toxicity data in classification, and special 
considerations for exposure regimes, algal toxicity testing, and use of QSARs. For a more detailed 
discussion of aquatic toxicity concepts, one can refer to Rand (1996). 

3.3.1 Acute toxicity 

47. Acute toxicity for purposes of classification refers to the intrinsic property of a substance to 
be injurious to an organism in a sbort-tcnn exposure to that substance. Acute toxicity is generally 
expressed in tenllS of a concentration which is lethal to 50% of the test organisms (LC50), causes a 
mcasmablc adverse effect to 50% of the test organisms (e.g., immobilisation of daphnids), or lead~ to a 
50% reduction in test (treated) organism responses from control (untreated) organism responses (e.g., 
growth rate in algae). 

48. Substances with an acute toxicity determined to be less than one part per million (1 mgll) are 
generally recognised as beillg very toxic. The handling, use, or discharge into the environment of these 
substances poses a high degree of hazard and they are classified in chronic and/or acute band 1. 
Decimal bands are accepted for categorising acute toxicity above this band. Substances with an acute 
toxicity measured from one to ten parts per million (1 - I 0 mg/1) arc classified in Category II for acute 
toxicity, from ten to one hundred parts per million (10 - 100 mg/1) arc classified in Category II1 for 
acute toxicity, and those over one hundred parts per million are regarded as practically non-toxic. 

3.3.2 Chronic toxicity 

49. Chronic toxicity, for plUJlOses of declassification, refers to the potential m- actual properties of 
a substance to cause adverse effects to aquatic organisms during exposures which are detennined in 
relation to the life-cycle of the organism. Such chronic effects usually include a range of sublethal 
endpoints and are generally expressed in te1ms of a No Observable Effect Concentration (NOEC), or an 
equivalent ECx. Observable endpoints typically include strrvival, growth and/or reproduction. Chronic 
toxicity exposure dmations can vary widely depending on test endpoint measured and test species used. 

50. Since chronic toxicity data are less common in certain sectors than acute data, for 
classification schemes, the potential for chronic toxicity is identified by appropriate combinations of 
acute toxicity, lack of dcgradability, mtd/or the potential or actual bioaccumulation. Where such data 
exist and show lollg-tenn NOECs > 1 mg/1, this can be taken into accmmt when deciding whether the 
classification based on the acute data should be applied. In this context, the following general approach 
should be used. In order to remove a chronic classification, it must be demonstrated that the NOEC 
used would be suitable in removing the concern for all taxa which resulted in classification. This can 
often be achieved by showing a long-term NOEC >I mg/1 for the most sensitive species identified by 
the acute toxicity. Thus, if a classification has been applied based on a fish acute LC50, it would 
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generally not be possible to remove this classification using a long-term NOEC from an invertebrate 
toxicity test. ln this case, the NOEC would nom1ally need to be derived from a long-term fish test of 
the same species or one of equivalent or greater sensitivity. Equally, if classification has resulted from 
the acute toxicity to more than one taxa, it is likely that NOECs > l mg/1 from each taxa will need to be 
demonstrated. In case of classification of a substance as chronic Category IV, it is sufficient to 
demonstrate that NOECs are greater than the water solubility of the substances under consideration. 

51. Testing with algae!Lemna cannot be used for de-classifying chemicals because (l) the 
algae and Lcmna tests arc not long-term studies, (2) the acute to chronic ratio is generally narrow 
and (3) the endpoints are more consistent with the end points for other organisms. 

However where classification is applied solely due to the acute toxicity (L(E)C50) observed in single 
algae/aquatic plant tests, but there is evidence from a range of other algae tests that the chronic 
toxicity (NOECs) for this taxonomic group is above lmg/1, this evidence could be used to consider 
declassification. At present this approach em mot be applied to aquatic plants since no standardised 
chronic toxicity tests have been developed. 

52. The GHS is intended to contain a specific value of chronic toxicity below which substances 
would be classified as chronically toxic, but the criteria arc not yet set. 

3.3.3 Exposure regimes 

53. Four types of exposure conditions arc employed in both acute and chronic tests and in both 
freshwater and saltwater media: static, static-renev.'lll (semi-static), recirculation, and flow-through. The 
choice for which test type to u~c usual!y depends on test substance characteristics, test duration, test 
species, and regulatory requirements. 

3.3.4 Test media for algae 

54. Algal tests are performed in nutrient-enriched media and use of one common constituent, 
EDT A, or other che!ators, should be considered carefully. When testing the toxicity of organic 
chemicals, trace amounts of a chelator like EDT A are needed to complex micronutrients in the culture 
medium; if omitted, algal growth can be significantly reduced and compromise test utility. However, 
chelators can reduce the observed toxicity of metal test substances. Therefore, for metal compounds, it 
is desirable that data from tests with high concentration of chelators and/or tests with 
stoichiometrical excess of chelator relative to iron be critically evaluated. Free chelator may mask 
heavy metal toxicity considerably, in particular with strong chelators like EDT A. However, in the 
absence of available iron in the medium tbc growth of algae can become iron limited, and 
consequently data from tests with no or with reduced iron and EDT A should be treated with caution. 

3.3.5 Use of QSARs 

55. For purpose of classification, and in the absence of experimental data, QSARs can be relied 
upon to provide predictions of acute toxicity for fish, daphnia, and algae for non-c!cctrolytc, non­
elcetrophilic, and otherwise non-reactive substances (Sec Chapter 6 on Usc of QSAR). Problems 
remain for substances such as organophosphates which operate by means of special mechanisms such 
as functional groups which interact with biological receptors, or which cmt fonn sulfhydryl bonds with 
cellular proteins. Reliable QSARs have been derived for chemicals acting by a basic narcosis 
lllCchanism. These chemicals arc nonelectrolytcs of low reactivity such as hydrocarbons, alcohols, 
ketones and ccttain aliphatic chlorinated hydrocarbons which prodnce their biological effects as a 
function of their partition coefficients. Every organic chemical can produce narcosis. Ho\vever, if the 
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chemical is an electrolyte or contains specific functional groups leading to non-narcotic mechanisms as 
well, any calculations of toxicity based on partition coefficient alone would severely underestimate the 
toxicity. QSARs for acute aquatic toxicity of parent compounds cannot be used to predict the effects of 
toxic metabolites or degmdates, when these arise after a longer time period than the duration of acute 
tests. 

3.4 WEIGHT OF EVIDENCE 

56. The best quality data should be used as the fundamental ba<>is for classification. 
Classification should preferably be based on primary data sources. It is essential that test conditions be 
clearly and completely articulated. 

57. Where multiple studies for a taxonomic group arc available, a decision on what is the most 
sensitive and highest quality must be made. A judgement has to be made on a case by case basis 
whether a non~GLP study with a more sensitive observation is used in lieu of a GLP study. It would 
appear that results that indicate high toxicity from tests performed according to non-standard or non­
GLP guidelines should be able to be used for classification, whereas studies, which demonstrate 
negligible toxicity, would require more careful col!Sideration. Substance..<;, which are difficult to test, 
may yield apparent results that are more or less severe than the true toxicity. Expert judgement would 
also be needed for classification in these cases. 

58. \\'here more than one acceptable test is available for the same taxonomic grollp, the most 
sensitive (the one with the lowest L{E)C50 or NOEC) L<; generally used for classification. However, 
this must be dealt with on a case-by-case basis. When larger data sets (4 or more values) are available 
for the same species, the geometric mean of toxicity values may be used as the representative toxicity 
value for that species. In estimating a mean value, it is not advisable to combine tests of different 
species within a taxa group or in different life stages or tested under different conditions or dmation. 

3.5 DIFFICULTTOTESTSUBSTANCES 

59. Valid aquatic toxicity tests require the dissolution of the test substance in the water media 
Wlder the test conditions recommended by the guideline. In addiflon, a bioavailable exposure 
concentration should be maintained for the duration of the test. Some chemical substances are difficult 
to test in aquatic systems and guidance has been developed to assist in testing these materials (DoE 
1996; ECETOC 1996; and US EPA 1996}. OECD is in the process offmalising a Guidance Document 
on Aquatic Toxicity testing of Difficult Substances and Mixtures (OECD, 2000}. This latter document 
is a good source of infommtion on the types of substances that arc difficult to test and the steps needed 
to ensure valid conclusions from tests with these materials. 

60. Nevertheless, Ill\lCh test data exist that may have used testing methodologies which, while not 
in confonnity with what might be considered best practice today, can still yield infonnation suitable for 
application of the classification criteria. Such data require special guidance 011 i.ntCipretation, although 
ultimately, expert judgement mu~t be used ill detcnnining data validity. Such difficult to test substances 
may be poorly soluble, volatile, or subject to rapid degradation due to such processes as 
phototransfmmation, hydrolysis, oxidation, or biotic degradation. When testing algae, coloured 
materials may interfere with the test endpoint by attenuating the light needed for cell growth. In a 
similar manner, substances tested as cloudy dL<;pcrsions above solubility may give rise to false toxicity 
measurements. Loading of the water colurrm with test rnatetial can be an issue for particulates or solids 
such as metals. Petroleum distillate fractions can also pose loading problems, as well as difficult 
interpretational problems when deciding on the appropriate concentrations for detennining L(E)Cso 
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values. The draft Guidance Document on Aquatic Toxicity Testing of Difficult Substances and 
Mixtures describes the more common properties of many types of substances which are likely to pose 
testing difficulties. 

Stability: If test chemical concentrations are expected to fall below 80% of nominal, testing, in 
order to be valid, may require exposure regimes which provide for renewal of the test material. 
Semi-static or flow-through conditions are preferred Special problems arise, therefore, with 
respect to testing on algae, where the standard guidelines generally include static tests to be 
conducted. \Vhile alternative cxposme regimes arc possible for crustacea and fish, these test~ 
are frequently conducted on static conditions as included in the internationally agreed 
guidelines. In these tests, a certain level of degradation as well as other relevant factors has to 
be tolerated and appropriate account must be taken in calculations of toxic concentrations. 
Some approaches on how this can be dealt with arc covered in para 64 and 65. Where 
degradation occurs, it is also important to consider the influence of the toxicity of the 
degradation products on the recorded toxicity in the test. Expert judgement will need to be 
exercised when deciding if the data can be used for classification. 

Degradation: When a compound breaks down or degrades under test condition, expert 
judgement should be used in calculating toxicity for classification, including consideration of 
known or likely breakdown products. Concentrations of the parent material and all significant 
toxic degradatcs arc desirable. If degradatcs arc expected to be relatively non-toxic, renewable 
exposure regimes arc desirable in order to cnsmc that levels of the parent compound~ arc 
maintained. 

Saturation: For single component substances, classification should be based only on toxic 
responses observed in the soluble range, and not on total chemical loading above solubility. 
Frequently, data are available which indicate toxicity at levels in excess of water solubility and, 
while these data will often be regarded as not valid, some interpretation may be possible. 
These problems generally apply when testing poorly soluble substances, and guidance on how 
to interpret such data is included in para 66 and 67 (see also the Guidance Document on 
Aquatic Toxicity testing of Difficult Substances and Mixtures). 

Perturbation of test media: Special provisions may be needed to ensure dissolution of difficult 
to test substances. Such measures should not lead to significallt changes in the test media when 
such changes are likely to lead to an increase or decrease in the apparent toxicity and hence the 
classification level of the test substance. 

Complex substances: Many substances covered by the classification scheme arc in fact 
mixtures, for which measurement of exposure concentrations is difficult, and in some cases 
impossible. Substances such as petroleum distillate fractions, polymers, substances with 
significant levels of impurities, etc can pose special problems since the toxic concentration 
is difficult to define and impossible to verify. Typical testing procedures often rely on the 
fmmation of a Water Soluble Fraction (WSF) or Water Accommodated Fraction (WAF) and 
data are repotied in terms of loading rates. These data may be used in applying the 
classification criteria 

6l. For classification of organic compounds, it is desirable to have stabilised and analytically 
measured test concentrations. Although measured concentrations arc preferred, classification may be 
based on nominal concentration studies when these are the only valid data available under certain 
circumstances. If the material is likely to substantially degrade or otherwise be lost from the water 
column, care must be taken in data interpretation and classification should be done taking the loss of the 

!45 



285

I 

ENV/JMIMON0(200l)6 

toxicant during the test into account, if relevant and possible. Additionally, metals present their own set 
of difficulties and are discussed separately. Table 1 lists several properties of difficult to test substances 
and their relevance for classification. 

62. In most difficult to test conditions, the actual test concentration is likely to be Jess than the 
nominal or expected test concentration. Where toxicities (L(E)C50s) are estimated to be less than lntg/1 
for a difficult to test substance, one can be fairly confident the classification in the Acute Category 1 
(and Chronic I if appropriate) is warranted. However, if the estimated toxicity is greater than 1 mg/1, 
the estimated toxicity is likely to under-represent the toxicity. In these circwnstances, expert judgement 
is needed to determine the acceptability of a test with a difficult to test substance for use in 
classification. Where the nature of the testing difficulty is believed to have a significant influence on 
the aetna] test concentration when toxicity is estimated to be greater than 1 mgll and the test 
concentration is not measured, then the test should be used with due caution in classification. 

63. The following paragraphs provide some detailed guidaHcc on some of these interpretational 
problems. In doing so it should be remembered that this is guidance and hard and fast rules cannot be 
applied. The nature of many of the difficulties mean that expert judgement must always be applied both 
in detcnnining whether there is sufficient infonnation in a test for a judgement to be made ou its 
validity, and also whether a toxicity level can be determined suitable for use in applying the 
classification criteria. 

Unstable substances 

64. While testing procedures should ideally have been adopted which minimised the impacts of 
instability in the test media, in practice, in certain tests, it can be almost impossible to maintain a 
concenh-ation throughout the test. Common causes of such instability arc oxidation, hydrolysis, 
photodegradation and biodegradation. While the latter fmms of degradation can more readily be 
controlled, such controls arc frequently absent in tTn!ch existing testing. Nevertheless, for some testing, 
particularly acute and chronic fish toxicity testing, a choice of cxpos11re regimes is available to help 
minimise losses due to instability, and this should be taken into account in deciding on the test data 
validity. 

65. Where instability is a fuctor in dctcnnining the level of exposure during the test, rut essential 
prerequisite for data interpretation is the existence of measured exposure concentrations at suitable time 
points throughout the test. In the absence of analytically measured concentrations at least at the start 
and end of test, no valid interpretation can be made and the test should be considered as invalid for 
classification pmposcs. Where ntea~urcd data arc available, a number of practical rules can be 
considered by way of guidance iu interpretation: 

where measured data are available for the start and end oftest (as is normal for the acute 
Daphnia and algal tests), the L(E)Cso, for classification purposes, may be calculated based 
on the geometric mean of the start and end of test concentrations. Where the end of test 
concentrations are below the analytical detection limit, such concentrations shall be 
considered to be halfthat detection limit. 

where measured data are available at the start and end of media renewal periods (as may 
be available for the semi-static tests), the geometric mean for each renewal period should 
be calculated, and the mean exposure over the whole exposure period calculated from 
these data. 

where the toxicity can be attributed to a degradation breakdown product, and the 
concentrations of this arc known, the L(E)Cso for classification purposes, may be 
calculated based on the gcomct:dc mean of the degradation product concentration, back 
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calculated to the parent substance. 

similar principles may be applied to measured data in chronic toxicity testing. 

Poorly soluble substances 

66. These substances, usually taken to be those with a solubility in water of <I mgt!, arc 
frequently difficult to dissolve in the test media, and the dissolved concentrations will often prove 
difficult to measure at the low concentrations anticipated. For many substances, the true solubility in 
the test media will be unknown, and will often be rccmdcd as < detection limit in purified water. 
Ncvetthclcss such substances can show toxicity, and where no toxicity is found, judgement must be 
applied to whether the result can be considered valid for classification. Judgement should err on the 
side of caution and should not lllldcrcstimate the hazard. 

67. Ideally, tests using appropriate dissolution techniques and with accurately measured 
concentrations within the range of water solubility should be used \Vhcrc such test data arc available, 
they should be used in preference to other data. It is nonnal, however, particularly when consideling 
older data, to fmd such substances with toxicity levels recorded in excess of the water solubility, or 
where the dissolved levels are below the detection limit of the analytical method. Thus, in both 
circumstances, it is not possible to verify the actual exposure concentrations using measured data. 
Where these are the only data available on which to classify, some practical rules can be considered by 
way of general guidance: 

where the acute toxicity is recorded at levels in excess of the water solubility, the L(E)C50 

for classification purposes, may be considered to be equal to or below the measured water 
solubility. In such circumstances it is likely that Chronic I and/or Acute 1 categoties 
should be applied. In making this decision, due attention should be paid to the possibility 
that the excess undissolved substance may have given lise to physical effects on the test 
organisms. Where this is considered the likely cause of the effect~ observed, the test 
should be considered a~ invalid for classification purposes. 

where no acute toxicity is recorded at levels in excess of the water solubility, the L(E)C50 

for classification purposes may be considered to be greater than the measured water 
solubility. In such circumstances, consideration should be given to whether the Chronic 
IV category should apply. In making a decision that the substance shows no acute 
toxicity, due account should be taken of the techniques used to achieve the maximtun 
dissolved concentrations. Where these are not considered as adequate, the test should be 
considered as invalid for classification pmposes. 

where the water solubility is below the detection limit of the analytical method for a 
substance, and acute toxicity is recorded, the L(E)C50 for classification pmposes, may be 
considered to be Jess than the analytical detection limit. Where no toxicity is observed, 
the L{E)C50 for classification purposes, may be considered to be greater than the water 
solubility. Due consideration should also be given to the quality criteria mentioned 
above. 

where chronic toxicity data are available, the same general rules should apply. In 
principle, only data showing no effects at the water solubility limit, or greater than 1 mg/1 
need be considered. Again, where these data cannot be validated by consideration of 
measured concentrations, the techniques used to achieve the maximum dissolved 
concentrations must be considered as appropriate. 
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Other factors contributing to concentration loss 

68. A number of other factors can also contribute to losses of concentration and, while some 
can be avoided by concct study design, interpretation of data where these factors have contributed 
may, from time to time, be necessary. 

sedimentation: this can occur during a test for a number of reasons. A CO!IUnOn 

explanation is that the substance has not truly dissolved despite the apparent absence of 
particulates, and agglomeration occurs during the test leading to precipitation. In these 
circumstances, the L(E)C50 for classification purposes, may be considered to be based on 
the end of test concentrations. Equally, precipitation can occur through reaction with the 
media. This is considered under instability above. 

adsorption: this can occur for substances of high adsorption characteristics such as high 
log K.,w substances. Where this occurs, the loss of concentration is usually rapid and 
exposure may best be characterised by the end oftest concentrations. 

bioaccumulation: losses may occur through the bioaccumulation of a substance into the 
test organisms. 1bis may be particularly important where the water solubility is low and 
log K.,w correspondingly high. The L(E)C50 for classification purposes, may be calculated 
based on the geometric mean ofthestart and end of test concentrations. 

Perturbatiou of the test media 

69. Strong acids and bases may appear toxic because they may alter pH. Generally however 
changes of the pH in aquatic systems are nonnally prevented by buffer systems in the test medium. 
If no data are available on a salt, the salt should generally be classified in the same way as the anion 
or cation, i.e., as the ion that receives the most stringent classification. If the effect concentration is 
related to only one of the ions, the classification of the salt should take the molecular weight 
difference into consideration by coiTecting the effect concentration by multiplying with the ratio: 
MW,a~/MW;on. 

70. Polymers are typically not available in aquatic systems. Dispersible polymers and other high 
molecular mass materials can perturb the test system and interfere with uptake of oxygen, and give rise 
to mechanical or secondary effects. These factors need to be taken into account when considering data 
from these substances. Many polymers behave like complex substances, however, having a significant 
low molecular mass fraction which can leach from the bulk polymer. This is considered further below. 

Complex substances 

71. Complex substances arc characterised by a range of chemical structures, frequently in a 
homologous series, but covering a wide range of water solubilities and other physico-chemical 
characteristics. On addition to water, an equilibrium will be reached betweeu the dissolved and 
undissolved fractions which will be characteristic of the loading of the substance. For this reason, 
such complex substances are usually tested as a WSF or WAF, and the L(E)C50 recorded based ou 
the loading or nomiual concentrations. Analytical support data are not normally available since the 
dissolved fraction will itself be a complex mixtures of components. The toxicity parameter is 
sometimes refened to as LL50, related to the lethal loading level. This loading level from the WSF 
or WAF may be used directly in the classification criteria. 
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72. Polymers represent a special kind of complex substance, requiring consideration of the 
polymer type and their dissolution/dispersal behaviour. Polymers may dissolve as such without 
change, (true solubility related to particle size), be dispersible, or portions consisting of low 
molecular weight fractions may go into solution. In the latter case, in effect, the testing of a 
polymer is a test of the ability of low molecular mass material to leach from the bulk polymer, and 
whether this leachate is toxic. It can thus be considered in the same way as a complex mixture in 
that a loading of polymer can best characterise the resultant leachate, and hence tlte toxicity can be 
related to this loading. 
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Table 1. Classification of difficult test substances 

Property Nature of difficulty Relevance for Classification 

Poorly water soluble Achieving/maintaining required Wl1cn toxic responses arc observed above 
exposure concentn1tion. Analysing apparent solubility, expert judgement is required 
exposure. to confinn whether effects are due to chemical 

toxicity or a physical effect; if no effects are 
observed, it should be demonstrated that full, 
sattu11tcd dissolution has been achicvccL 

Toxic at lotv Achieving/maintaining required Classified based on toxicity 
concentrations exposure concentration. <I mgll 

Analysing exposure. 
Volatile Maintaining aud measuring exposure Classification should be based on reliable 

conccntrntion. measurement of concentrations. 
Photo-degradable Maintaining exposure Classification requires expert judgement and 

concentrations. slJOuld be based on measured conceutrations. 
Toxicity of breakdown products. Toxicity of significant breakdown products 

should be clmracteriscd. 
Hydrolytically 1mstable Maintaining exposure Classification requires expert judgement, should 

concentratious. be based on measured concentrations, and needs 
Toxicity of breakdown products. to address the toxicity of significant breakdown 
Comparison of degradation half-lives products. 
to the exposure regimeu used in 
testing. 

Oxidizable Achieving, maintaining and Classification requires expenjudgement, should 
meastuing exposure concentration. be based on measured concentrations, and needs 
Toxicity of mudified chen1ical to address t!Je toxicity of significant breakdown 
structures or breakdown products. products. 
Comparison ofdcgradmion half-lives 
to the exposure rcgimcu used in 
tcstin '· 

Subject to corrosion! Achieving, maintaining and Classification requires expert judgement, should 
transformation measuring exposure concentration. be based on measured concentrations, and needs 
(this refers to metals Comparison of partitioning from the to address tile toxicity of significant breakdown 
/metal comp01mds) water cohmm half-lives to tile products. 

exposure regimen used in testing. 
Biodegradable Maintaining exposure Classification requires expert judgement, should 

concentrations. Toxicity of be based 011 mea~med concentratiOlts, and needs 
breakdmvn products. Comparison of to address the toxicity ofsib'Ilificant breakdown 
degradation half-lives to the products. 
exposure regimen HScd in testing. 

Adsorbing Maintaining exposure Classification should use measmed 
concentrations. concentration of available material. 
Analysing exposure. Toxicity 
mitigation due to reduced availability 
of test substance. 

Chelating Distinguishing chela ted and 11on- Classification shmlld use mea.\1trement of 
chclatcd fractions in media. concentration ofbioavailablc ma1erial 

CololU·ed Light atteuuation (an algal problem). Classification must distinguish toxic effects 
from reduced growth due to li •ht attenuation. 
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Table 1. Classification of difficult test substances (continued) 

Hydrophobic Maintaining constant exposure Cla~ification should use measured 
concentrations. concentration 

Ionised Maintaining expo~ure Classification requires expert judgement, should 
concentrations. Toxicity of be based on measured concentraJions, and needs 
brcakdo\\-n products. Comparison of to address the toxicity of significant breakdown 
degradation half-lives to the products. 
exposure regime used in testing. 

Muhi-componcnt Preparing representative test batches. Considered same as complex mixture. 
substances and 

I preparations 

3.6 INTERPRETING DATA QUALITY 

3.6.1 Standardisation 

73. Many factors can influence the results of toxicity tests with aquatic organisms. These factors 
include characteristics of the test water, experimental design, chemical characteristics of the test 
material, and biological characteristics of the test organisms. Therefore, it is important in couducting 
aquatic toxicity tests to use standardised test procedures to reduce the influence of these sources of 
extraneous variability. T!Je goal of test standardisation and international hrumonisation of these 
standards is to rcchJcc test variability and improve precision, reproducibility, and consistency of test 
results. 

3.6.2 Data hierarchles 

74. Classification should be based on primruy data of good quality. Preference is given to data 
conforming to OECD Test Guidelines or equivalent and Good Laboratory Practices (GLP). Whlle data 
from internationally harmonised test methods perfonned ou standard test species are preferred, results 
of tests performed using widely recognised international or national methods or their equivalent may 
also be used, e.g., ISO or ASTM methods. Data from tests that appear to conform to accepted 
guidelines but which lacks provisions for GLP can be used in the absence of pertiuent GLP data. 

75. Pedersen eta! (1995) provides a data quality-scoring system, which is compatible with many 
others in current use, including that, used by the US-EPA for its AQUIRE database. See also Mensink 
et a! (1995) for discussions of data quality. The data quality scoring system described in Pedersen et a/. 
includes a reliability ranking scheme, which cru1 be a model for use with in classifYing under the 
hrumonised scherue. The first three levels of data described by Pedersen are for preferred data. 

76. Data for classification under the harmonised scheme should come from primary sources. 
However, since many nations and regulatmy authorities will perform classification using tbe globally 
llannonised scheme, classification should allow for use of reviews from national authorities and expert 
panels as long as the reviews are based on primary sources. Such reviews should include summaries of 
test conditions, wbiclt are sufficiently detailed for w.eight of evidence and classification decisions to be 
made. It may be possible to usc the rcviev.rs, which were made by a wcil-recogniscd group such as 
GESAMP for which the primary data are accessible. 

77. In the absence of empirical test data, validated Quantitative Structure Activity Relationships 
(QSARs) for aquatic toxicity may be used. Test data always take precedence over QSAR predictions, 
providing the test data are valid. 
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ANNEX3.1 

TEST GUIDELINES 

78. Most of the guidelines mentioned arc found in compilations from the organisation 
issuing them. The main references to these are: 

• EC guidelines: European Commission (1996). Classification, Packaging and Labelling 
of Dangerous Substances in the European Union. Part 2 ~Testing Methods. European 
Commission. 1997. ISBN92-828-0076-8. (Homcpage: http://ccb.ei.jrc.it/tcsting­
methodsQ; 

• ISO guidelines: Available from the national standardisation organisations or ISO 
(Homepage: http://www.iso.ch{J; 

• OECD guidelines fOr the testing of chemicals. OECD, Paris, 1993 with regular 
updates (Homepage: http://ww-w.oecd.org/ehs/test/testljslhtm); 

• OPPTS guidelines: US-EPA homepage: 
http://www.epa.gov/opptsfrs/home/guidclin.htm; 

• ASTM: ASTM's homcpagc: http://www.a~tm.org. Fmthcr search via "standards". 

OECD Test Guideline 201 (1984) Alga, Growth Inhibition Test 

OECD Test Guideline 202 (1984) Daphnia sp. Acute Irnmobilisation Test and Reproduction Test 

OECD Test Guideline 203 (1992) Fish, Acute Toxicity Test 

OECD Test Guideline 204 (1984) Fish, Prolonged Toxicity Test: 14-Day Study 

OECD Test Guideline 210 (1992) Fish, Early-Life Stage Toxicity Test 

OECD Test Guideline 211 (1998) Daphnia magna Reproduction Test 

OECD Test Guideline 212 (1998) Fish, Shmt-term Toxicity Test on Embryo and Sac-Fry Stages 

OECD Test Guideline 215 (2000) Fish, Juvenile Growth Test 

OECD Test Guideline 221 (in preparation) Lemna sp. Growth inhibition test 

EC C.l: Acute Toxicity for Fish (1992) 

EC C.2: Acute Toxicity for Daphnia (1992) 

EC C.3: Algal Inhibition Test (1992) 

EC C.l4: Fish Juvenile Growth Test (200 I) 

EC C.l5: Fish, Short-term Toxicity Test on Embryo and Sac-Fry Stages (2001) 

EC C.20: Daphnia Magna Reproduction Test (2001) 

OPPTS Testing Guidelines for Environmental Effects (850 Series Public Drafts) 

850.1000 Special consideration for conducting aqtmtic laboratory studies (Adobe PDF) 

850.1000 Special consideration for conducting aquatic laboratory studies (Text to HTML) 

850.1010 Aquatic invertebrate acute toxicity, test, freshwater daphnids (Adobe PDF) 

850.1010 Aquatic invertebrate acute toxicity, test, freshwater daphnids (Text to HTML) 
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850.1020 Gammarid acute toxicity test (Adobe PDF) 

850.1020 Gammatid acute toxicity test (Text to HTML) 

850.1035 Mysid acute toxicity test (Adobe PDF) 

850.1035 Mysid acute toxicity test (Text to HTML) 

850.1045 Pcnacid acute toxicity test (Adobe PDF) 

850.1045 Penaeid acute toxicity test (Text to HTML) 

850.1075 Fish acute toxicity test, freshwater and marine (Adobe PDF) 

850.1075 Fish acute toxicity test, freshwater and marine (Text to HTML) 

850.1300 Daphnid chronic toxicity test (Adobe PDF) 

850.1300 Daphnid chronic toxicity test (Text to HTML) 

850.1350 Mysid chronic toxicity test (Adobe PDF) 

850.1350 Mysid chronic toxicity test (Text to HTML) 

850.1400 Fish early-life stage toxicity test (Adobe PDF) 

850.1400 Fish carly-lifC stage toxicity test (Text to HTML) 

850.1500 Fish life cycle toxicity (Adobe PDF) 

850.1500 Fish life cycle toxicity (Text to HTML) 

850.1730 Fish BCF (Adobe PDF) 

850.1730 FL<;h BCF (Text to HTML) 

ENV /JM!MON0(2001 )6 

850.4400 Aquatic plant toxicity test using Lemna spp. Tiers 1 and 11 (Adobe PDF) 

850.4400 Aquatic plant toxicity test using Lenma spp. Tiers I and li (Text to HTML) 

850.4450 Aquatic plants field study, Tier 1Il (Adobe PDF) 

850.4450 Aquatic plants field study, Tier Ill (Text to HTML) 

850.5400 Algal toxicity, Tiers 1 and II (Adobe PDF) 

850.5400 Algal toxicity, Tiers 1 and I1 (Text to HTML) 

Note 1) :This list of public drafts of environmental effects testing guidelines was taken from the 
homepage) ofthe U.S. Environmental Protection Agency on 19 September 2000. 
(http://www.cpa.gov/OPPTS Hannonizcd/850 Ecological EffecL<; Test Gnidclines/Dratb;) 
The list was last revised on 10 February 1997 by an automated conversion program. Further 
revisions may occur as the draft guidelines are updated. 
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4. DEGRADATION 

4.1 INTRODUCTION 

79. Degradability is one of the important intrinsic properties of chemical substances that 
determine their potential environmental hazard. Non-degnulable substances will persist in the 
environment and may consequently have a potential for causing long-tcnn adverse effects on biota. 
fn contrast, degradable substances may be removed in the sewers, in sewage treatment plants or in 
the environment. 

80. Classification of chemical substances is primarily based on their intrinsic properties. 
However, the degree of degradation depends not only on the intrinsic recalcitrance of the molecule, 
but also on the actual conditions in the receiving environmental compartment as e.g., redox 
potential, pH, presence of suitable micro-organisms, concentmtion of the substances and occurrence 
and concentration of other substrates. The interpretation of the degradation properties in an aquatic 
hazard classification context therefore requires detailed criteria that balance the intrinsic properties 
of the substance aud the prevailing environmental conditions into a concluding statement on the 
potential for long-term adverse effects. The pU!JJOSe of the present chapter is to present guidance for 
interpretation of data on degradability of organic substances. The guidance is based on an analysis 
of the above mentioned aspects regarding degnulation in the aquatic environment. Based on the 
guidance a detailed decision scheme for usc of existing degradation data for classification purposes 
is proposed. The types of degradation data included in this Guidance Document are ready 
biodegradability data, simulation data for tmnsfonnation in water, aquatic sediment and soil, 
BOD5/COD-data and techniques for estimation of rapid dcgradability in the aquatic environment. 
Also considered arc anaerobic dcgradability, inherent biodegradability, sewage treatment plant 
simulation test data, abiotic transformation data such as hydrolysis and photolysis, removal process 
such as volatilisation and finally, data obtained from field investigations and monitoring studies. 

81. TI1c term degradation is defined in Glossary in this Guidance Document as the 
decomposition of organic molecules to smaller molecules and eventually to carbon dioxide, water 
and salts. For inorganic compotmds and metals, the concept of dcgradability as applied to or&ranic 
compounds has limited or no meaning. Rather the substance may be transfonned by normal 
environmental processes to either increase or decrease the bioavailability of the toxic species. 
Therefore, the present chapter deals only with organic substances and organa-metals. 
Environmental partitioning from the water column is discussed in Chapter 7. 

82. Data on degradation properties of a substance may be available from standardised tests or 
from other types of investigations, or they may be estimated from the structure of the molecules. 
The interpretation of such degradation data for classification purposes often requires detailed 
evaluation of the test data. Guidance is given in the present chapter and more details can be found 
in two annexes describing available methods (Annex 3) and factors influencing degradation in 
aquatic environments (Annex 4). 

!55 



295

ENV/JMIMON0(200!)6 

4.2 INTERPRETATION OF DEGRADABILITY DATA 

4.2.1 Rapid degradability 

83. Aquatic hazard classification of chemical substances is normally based on existing data on 
their environmental properties. Only seldom will test data be produced with the main purpose of 
facilitating a classification. Often a diverse range of test data is available that does not necessarily 
fits directly with the classification criteria. Consequently, guidance is needed on intetpretation of 
existing test data in the context of the aquatic hazard classification. Based on the harmoniscd 
criteria, guidance for interpretation of degradation data is prepared below for the three types of data 
comprised by the expression "rapid degradation" in the aquatic environment (sec para 8, 9, 20, 21 & 
22 and the definition in Annex 1 of the "Harmonised system for the classification of chemicals 
which are hazardmJs for the aquatic environment" (OECD, 1998), which is attached to this 
Guidance Document as Appendix. 

4.2.2 Ready biodegradability 

84. Ready biodegradability is defined in the OECD Test Guidelines No. 301 (OECD 1992). 
All organic substances that degrade to a level higher than the pass level in a standard OECD ready 
biodegradability test or in a similar test should be considered readily biodegradable and 
consequently also rapidly degradable. Many literature test data, however, do not specifY ali of the 
conditions that should be evaluated to demonstrate whether or not the test fulfils the requirements of 
a ready biodegradability test. Expe1t judgement is therefore needed as regards the validity of the 
data before usc for classification purposes. Before concluding on the ready biodegradability of a 
test substance, however, at least the following parameters should be considered. 

Concentration of test substance 

85. Relatively high concentrations of test substance are used in the OECD ready 
biodegradability tests (2·100 mg/L). Many substances may, however, be toxic to the inocula at such 
high concentrations causing a low degradation in the tests although the substances might be rapidly 
degradable at lower non-toxic concentrations. A toxicity test with micro·organisms (as e.g., the 
OECD Test Guideline 209 "Activated Sludge, Respiration Inhibition Test", the ISO 9509 
nitrification inhibition test, or the ISO 11348 luminescent bacteria inhibition test) may demonstrate 
the toxicity oflhc test substance. When it is likely that inhibition is the reason for a substance being 
not readily degradable, results from a test employing lower non-toxic concentrations of the test 
substance sho\lld be used when available. Such test results could on a case by case basis be 
considered in relation to the classification c1itcria for rapid degradation, even though surface water 
degradation test data with environmentally realistic microbial biomass and non toxic realistic low 
conccnh·ation of the test substance in general arc preferred, if available. 

Time window 

86. The hannonised criteria include a general requirement for all of the ready biodegradability 
tests on achievement of the pass level within 10 days. This is not in line with the OECD Test 
Guideline 301 in which the 10·days time window applies to the OECD ready biodegradability tests 
except to the MITI I test (OECD Test Guideline 30IC). In the Closed Bottle test (OECD Test 
Guideline 30lD), a 14·days window may be used instead when measurements have not been made 
after 10 days. Moreover, often only limited information is available in references of biodegradation 
tests. Thus, as a pragmatic approach the percentage of degradation reached after 28 days may be 
used directly for assessment of ready biodegradability when no information on the 10-days time 
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window is available. This should, however, only be accepted for existing test data and data from 
tests where the 10-days window does not apply. 

4.2.3 BODs/COD 

87. Information on the 5-day biochemical oxygen demand (BODs) will be used for 
classificatiolt purposes only when no other measured dcgradabi!ity data arc available. Thus, priority 
is given to data from ready biodegradability tests and from simulation studies regarding 
degradability in the aquatic environment. The BOD5 test is a traditional biodegradation test that is 
uow replaced by the ready biodegradability tests. Therefore, this test should not be performed today 
for assessment of the ready biodegradability of substances. Older test data may, however, be used 
when no other degradability data are available. For substances where the chemical structure is 
known, the theoretical oxygen demand (ThOD) can be calculated and this value should be used 
instead of the chemical oxygen demand (COD). 

4.2.4 Other convincing scientific evidence 

88. Rapid degradation in the aquatic environment may be demonstrated by other data than 
rcfbrred to in criteria a) aJKI b) in Annex I of the hannonised criteria (OECD 1998). These may be 
data on biotic and/or abiotic degradation. Data on primary degradation can only be used where it is 
demonstrated that the degradation products shall not be classified as hazardous to the aquatic 
environment, i.e., that they do not fulfil the classification criteria. 

89. The fulfilment of criterion c) requires that the substance is degraded in the aquatic 
environment to a level of>70% within a 28-day period. If first-order kinetics are assumed, which is 
reasonable at the low substance concentrations prevailing in most aquatic environments, the 
degr<Kiation rate will be relatively constant for the 28-day period. Thus, the degradation requirement 
will be fulfilled with an average degradation rate constant, k >-(In 0.3 -In 1)/28 = 0.043 day·1• This 
corresponds to a degradation half-life, t;-; <In 2/0.043 = 16 days. 

90. Moreover, as degradation processes are temperature dependent, this parameter should also 
be taken into account when assessing degradation in the environment. Data from studies employing 
environmentally realistic temperatures should be used for the evaluation. When data from studies 
performed at different temperatures need to be compared, the traditional QlO approach could be 
used, i.e., that the degradation rate is halved when the temperature decreases by 10°C. 

91. The evaluation of data on fulfilment of this criterion should be conducted on a case by 
case basis by expert judgement. However, guidance on the interpretation of various types of data 
that may be used for demonstrating a rapid degradation in the aquatic environment is given below. 
In general, only data from aquatic biodegradation simulation tests arc considered directly applicable. 
However simulation test data from other environmental compartments could be considered as well, 
but such data require in general more; scientific judgement before use. 

Aquatic simulation tests 

92. Aquatic simulation tests are tests conducted in laboratory, but simulating environmental 
conditions and employing natural samples as inoculum. Results of aquatic simulation tests may be 
used directly for classification purposes, when realistic environmental conditions iu surface waters 
arc simulated, i.e.,: 
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• substance concentration that is realistic for the general aquatic environment (often in 
the low )-I giL range); 

• inoculum from a relevant aquatic environment, 
• realistic concentration of inoculum (I 03-106 ceils!mL); 
• realistic temperature (e.g., soc to 25°C); and 
• ultimate degradation is dctClmincd (i.e., determination of the mineralisation rate or the 

individual degradation rates of the total biodegradation pathway). 

93. Substances th.at under these conditions are degraded at least 70% within 28 days, i.e., with 
a half-life< 16 days are considered rapidly degradable. 

Field investigations 

94. Parallels to laboratory simulation tests are field investigations or mcsocosm experiments. 
In such srodies, fate and/or effects of chemicals in environments or environmental enclosures may 
be investigated. Fate data from such experiments might be used for assessing the potential for a 
rapid degradation. This may, however, often be difficult, as it requires that an ultimate degradation 
can be demonstrated. This may be documented by preparing mass balances showing that no non­
degradable intem!Cdiatcs arc fanned, and which take the fractions into account that arc removed 
from the aqueous system due to other processes suclt as sorption to sediment or volatilisation from 
the aquatic environment 

Monitoring data 

95. Monitoring data may dcntanstratc the removal of contaminants from the aquatic 
environment. Such data arc, however, ve1y difficult to usc for classification purposes. The 
following aspeCts should be considered before nse: 

• ls the removal a result of degradation, or is it a result of other processes such as 
dilution or distribution between compartments (sorption, volatilisation)? 

• Is fonnation of non-degradable intcnucdiatcs excluded? 

Only when it can be demonstrated that removal as a result of ultimate degradation fulfiL<; the clitclia 
for rapid dcgradability, such data be considered for usc for classification purposes. In general, 
monitoring data should only be used as supporting evidence for demonstration of either persistence 
in the aquatic environment or a rapid degradation. 

Inherent biodegradability tests 

96. Substances that arc degraded more than 70% in tests for itthcrent biodegradability (OECD 
Test Guidelines 302) have the potential for ultimate biodegradation. However, because of the 
optimum conditions in these tests, the rapid biodegradability of inherently biodegradable substances 
in the environment cannot be assumed. The optimum conditions in inherent biodegradability tests 
stimulate adaptation of the micro-organisms thus increasing the biodegradation potential, compared 
to natural environments. Therefore, positive results in general should not be interpreted a<; evidence 
for rapid degradation in the environment (sec Note I). 

Nolc l: In relation to interpretation of degradation data equivalent with the hannoniscd OECD criteria for 
chronic Category lV, the Standing EU working group for cnvirontncnlat hazard classification of 
subslanccs is discussiug whether certain types of data from inherent biodegradability !csts may be 
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used in a case by ca;;c evaluillion as a basis for nol classifying substances otherwise fulftlling this 
classifica!ion criterion: 
The inhcrenl biodegradabilily lests concerned are !he Zahn Wellens lesl (OECD TG 302 B) ami the MITI 
1\icsl (OECD TG 302 C). The conditions for use in this regard are: 

a) The methods must not employ pre-exposed (pre-adapted) micro-organisms, 
b) The time for adaptation within each test should be Jimilcd, the lest endpoint should refer lo 

!he mineralisation only and the pass level and time for reaching these sltonld be, respectively: 

• MIT\ II pass level> 60% within 14 days 

• Zabn Wellens Test> 70% within 7 days. 

Sewage treatment plant simulation tests 

97. Results from tests simulating the conditions in a sewage treatment plant (STP) (e.g., the 
OECD Test Guideline 303) cannot be used for assessing the degradation in the aquatic environment. 
The main reasons for this arc that the microbial biomass in a STP is significantly different from the 
biomass in the environment, that there is a considerably different composition of substrates, and that 
the presence of rapidly mineralised organic matter in waste water facilitates degradation of the test 
substance by co-metabolism. 

Soil and sediment degradation data 

98. 1t has been argued that for many non~sorptive (non-lipophilic) substances more or less the 
same degradation rates are found in soil and in surface water. For lipophilic substances, a lower 
degradation rate may generally be expected in soil than in water due to partial immobilisation 
caused by sorption. Thus, when a substance has been shown to be degraded rapidly in a soil 
simulation study, it is most likely also rapidly degradable in the aquatic environment. It is therefore 
proposed that an experimentally determined rapid degradation in soil is sufficient documentation for 
a rapid degradation in surface waters when: 

• no pre~cxposurc (pre-adaptation) of the soil micro-organisms has taken place, and 
• an environmentally realistic concentration of substance is tested, and 
• the substance is ultimately degraded within 28 days with a half-life <16 days 

corresponding to a degradation rate >0.043 day·' . 

99. The same argumentation is considered valid for data on degradation in sediment under 
aerobic conditions. 

Anaerobic degradation data 

100. Data regarding anaerobic degradation cannot be used in relation to deciding whether a 
substance should be regarded as rapidly degradable, because the aquatic environment is generally 
regarded as the aerobic compartment where the aquatic organisms, such as those employed for 
aquatic hazard classification, live. 

Hydrolysis 

101. Data on hydrolysis (e.g., OECD Test Guideline Ill) might be considered fur classification 
purposes only when the longesl halHifc t . .., dclcnnincd within the pH range 4~9 is shorter than 16 
days. However, hydrolysis is not an ultimate degradation and various intctmcdiate degradation 
products may be formed, some of which may be only slowly degradable. Only when it can be 
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satisfactorily demonstrated that the hydrolysis products fonned do not fulfil the criteria for 
classification as hazardous for the aquatic environment, data from hydrolysis studies could be 
considered. 

102. When a substance is quickly hydrolysed (e.g., with ty, <a few days), this process is a part 
of the degradation detennined in biodegradation tests. Hydrolysis nmy be the initial transfonnation 
process in biodegradation. 

Photochemical degradation 

103. Information on photochemical degradation (e.g., OECD, 1997) is difficult to use for 
classification purposes. The actual degree of photochemical degradation in the aquatic environment 
depends on local conditions (e.g., water depth, suspended solids, turbidity) and the hazard of the 
degradation products is usually not known. Probably only seldom will enough iuformation be 
available for a thorough evaluation based on photochemical degradation. 

Estimation of degradation 

104. Certain QSARs have been developed for prediction of an approximate hydrolysis half-life, 
which should only be considered when no experimental data are available. However, a hydrolysis 
lmlf-lifc can only be used in relation to classification with great care, because hydrolysis does not 
concern ultimate dcgradability (see ''Hydrolysis" of this Section). Futthcnnorc the QSARs 
developed until now have a rather limited applicability and are only able to predict the potential for 
hydrolysis on a limited number of chemical categories. The QSAR program HYDROWlN 
(version 1.67, Syracuse Research Corporation) is for example only able to predict the potential for 
hydrolysis on less than i/5lh of the existing EU substances which have a defined (precise) molecular 
structure (Niemel!i, 2000). 

105. In general, no quantitative estimation method (QSAR) for estimating the degree of 
biodegradability of organic substances is yet sufficiently accurate to predict rapid degradatioll. 
However, results from such methods may be used to predict that a substance is not rapidly 
degradable. For example, when in the Biodegradation Probability Program (e.g., BIOWIN version 
3.67, Syracuse Research Corporation) the probability is< 0.5 estimated by the linear or non-linear 
fllethods, the substances should be regarded as not rapidly degradable (OECD, 1994; Pedersen eta!., 
1995 & Langenberg eta!., 1996). Also other (Q)SAR methods may be used as well as expert 
judgement, for example, when degradation data for structurally analogue compounds are available, 
but such judgement should be conducted with .!,'Teat care. In general, a QSAR prediction that a 
substance is not rapidly degradable is considered a better documentation for a classification than 
application of a default classification, when no useful degradation data arc available. 

Volatilisation 

I 06. Chemicals may be removed from some aquatic environments by volatilisation. The 
intrinsic potential for volatilisation is detennined by the Henry's Law constant (H) of the substance. 
Volatilisatiou from the aquatic environment is highly dependent on the environmental conditions of 
the specific water body in question, such as the water depth, the gas exchauge coefficients 
(depending on wind speed and water flow) and stratification of the water body. Because 
volatilisation only represents removal of a chemical from water phase, the Henry's Law constant can 
not be used for assessment of degradation in relation to aquatic hazard classification of substances. 
Substances that arc gases at ambient temperature may however for example be considered further in 
this regard (see also Pedersen eta!., 1995). 
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4.2.5 No degradation data available 

107. When no useful data on degradability are available- either experimentally determined or 
estimated data - the substance should be regarded as not rapidly degradable. 

4.3 GENERAL INTERPRETATION PROBLEMS 

4.3.1 Complex substances 

l08. The harmonised criteria for classification of chemicals as hazardous for the aquatic 
environment focus on single substances. A certain type of intrinsically complex substance are 
multi-component substances. They are tYPically of natural origin and need occasionally to be 
considered. This may be the case for chemicals that arc produced or extracted from mineral oil or 
plant material. Such complex chemicals are normally considered as single substances in a 
regulatory context. In most cases they arc dcfmcd as a homologous series of substances within a 
certain range of carbon chain length and/or degree of substitution. When this is the case, no major 
difference in degradability is foreseen and the degree of dcgradability can be established from tests 
of the complex chemical. One exception would be when a borderline degradation is found because 
in this case some of the individual substances may be rapidly degradable and other may be not 
rapidly degradable. This requires a more detailed assessment of the dcgmdability of the individual 
components in the complex substance. When not-rapidly-degradable components constitute a 
significant patt of the complex substance (e.g., more than 20%, or for a hazardous component, an 
even lower content), the substance should be regarded as not rapidly dc!,>radablc. 

4.3.2 Availability of the substance 

109. Degradation of organic substances in the environment takes place mostly in the aquatic 
compartments or in aquatic phases in soil or sediment. Hydrolysis, of course, requires the presence 
of water. The activity of micro-organisms depends on the presence of water. Moreover, 
biodegradation requires that the micro-organisms arc directly in contact with the substance. 
DL~solution of the substance in the water phase that surrounds the micro-organisms is therefore the 
most direct way for contact between the bacteria and fungi and the substrate. 

110. The present standard methods for investigating dcgradability of chemical substances arc 
developed for readily soluble test compounds. However, many organic substances arc only slightly 
soluble in water. As the standard tests require 2-100 mg/L of the test substance, sufficient 
availability may not be reached for substances with a low water solubility. Tests with continuous 
mixing and/or an increased exposure time, or tests with a special design tvhcre concentrations of the 
test substance lower than the water solubility have been employed, may be available on slightly 
soluble compounds. 

4.3.3 Test duration less than 28 days 

Ill. Sometimes degradation is repmtcd for tests tctminatcd before the 28 days period specified 
in the standards (e.g., the MITI, 1992). These data are of course directly applicable when a 
degradation greater than or equal to the pass level is obtained. When a lower degradation level is 
reached, the results need to be interpreted with caution. One possibility is that the duration of the 
test was too short and that the chemical structure would probably have been degraded in a 28-day 
biodegradability test. If substantial degradation occurs within a short time period, the situation may 
be compared with the criterion BOD/COD~ 0.5 or with the requirements on degradation within the 

L61 



301

ENV/JMJMON0(2001)6 

10-days time window. In these cases, a substance may be considered readily degradable (and hence 
rapidly degradable), if: 

• the ultimate biodegradability exceeds 50% within 5 days; or 
• the ultimate degradation rate constant in this period is greater than 0.1 day"1 

corresponding to a half-life of 7 days. 

112. TI!Cse criteria are proposed in order to ensure that rapid n1ineralisation did occur, although 
the test was ended before 28 days and before the pass level was attained. Interpretation of test data 
that do not comply with the prescribed pass levels must be made with great caution. It is mandatory 
to consider whether a biodegradability below the pass level was due to a pmtial degradation of the 
substance and not a complete mineralisation. If partial degradation is the probable explanation for 
the observed biodegradability, the substance should be considered not readily biodegradable. 

4.3.4 Primary biodegradation 

113. In some tests, only the disappearance of the parent compound (Le., primary degradation) is 
determined for example by following the degradation by specific or group specific chemical 
analyses of the test substance. Data on primary biodegradability may be used for demonstrating 
rapid dcgradability, only when it can be satisfactorily demonstrated, that the de&,'TI!dation products 
formed do not fulfil the criteria for classification as hazardous to the aquatic environment. 

4.3.5 Conflicting results from screening tests 

114. The situation where more degradation data are available for the same substance introduces 
the possibility of conflicting results. In general, conflicting results for a substance which has been 
tested several times with an appropriate biodegradability test could be interpreted by a "weight of 
evidence approach". This implies that if both positive (i.e., higher degradation than the pass level) 
and negative results have been obtained for a substance in ready biodegradability tests, then the data 
of the highest quality and the best documentation should be used for determining the ready 
biodegradability of the substance. However, positive results in ready biodegradability tests could be 
considered valid, irrespective of negative results, when the scientific quality is good and the test 
conditions are well documented, i.e., guideline criteria are fulfilled, including the use of non· pre· 
exposed (nO!Hdapted) inoculum. None of the various screening tests are suitable for the testing of 
ail types of substances, and results obtained by the use of a test procedure which is not suitable for 
the specific substance should be evaluated carefully before a decision on the use is taken. 

115. Thus, there are a number of factors that may explain conflicting biodegradability data from 
screening tests: 

• inoculum; 
• toxicity oftest substance; 
• test conditions; 
• solubility of the test substance; and 
• volatilisation of the test substance. 

116. The suitability of the inoculum for degrading the test substance depends on the presence 
and amount of competent degraders. When the iuoculum is obtained from an environment that has 
previously been ex)X!sed to the test substance, the inoculum may be adapted as evidenced by a 
degradation capacity, which is greater than that of an inoculum from a non-exposed environment. 
As far as possible the inoculum must be sampled from an unexposed environment, but for 
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substances that are used ubiquitously in high volumes and released widespread or more or less 
continuously, this may be difficult or impossible. When conflicting results are obtained, the origin 
of the inoculum should be checked in order to clarify whether or not differences in the adaptation of 
the microbial community may be the reason. 

117. As mentioned above, many substances may be toxic or inhibitory to the inoculum at the 
relatively high concentrations tested in ready biodegradability tests. Especially in the Modified 
MITJ (1) test (OECD Test Guideline 301C) and the Manometric Respirometry test (OECD Test 
Guideline 301F) high conccntratio'ns (100 mg!L) arc prescribed. The lowest test substance 
concentrations are prescribed in the Closed Bottle test (OECD Test Guideline 301D) where 2-IO 
mg/L is used. The possibility of toxic effects may be evaluated by including a toxicity control in the 
ready biodegradability test or by comparing the test concentration with toxicity test data on micro­
organisms, e.g., the rcspimtion inhibition tests (OECD Test Guideline 209), the nitrification 
inhibition test (ISO 9509) or, if other microbial toxicity test~ arc not available, the biolwnincscence 
inhibition test (ISO 11348). When conflicting results arc found, this may bc_canscd by toxicity of 
the test substance. If the substance is not inhibitory at environmentally realistic concentrations, the 
greatest degradation measured in screening tests may be used as a basis for classification. If 
simulation test data arc available in such cases, consideration of these data may be especially 
important, because a low non inhibitory concentration of the substance may have been employed, 
thus giving a more reliable indication of the biodegradation half-life of the substance tmdcr 
environmentally realistic conditions. 

118. When the solubility of the test substance is lower than the concentrations employed in a 
test, this parameter may be the limiting factor for the actual degradation measured. ln these cases, 
results from tests employing the lowest concentrations of test substance should prevail, i.e., often the 
Closed Bottle test (OECD Test Guideline 301D). In general, the DOC Die-Away test (OECD Test 
Guideline 301A) and the Modified OECD Screening test (OECD Test Guideline 301E) are not 
suitable for testing the biodegradability of poorly soluble substances (e.g., OECD Test Guideline 
301). 

119. Volatile substances should only be tested in closed systems as the Closed Bottle test 
(OECD Test Guideline 301D), the MJTI 1 test (OECD Test Guideline 301C) and the Manometric 
Respirometry test (OECD Test Guideline 301F). Results from other tests should be evaluated 
carefully and only considered if it can be demonstrated, e.g., by mass balance estimates, that the 
removal of the test substance is not a result of volatilisation. 

4.3.6 Variation in simuJation test data 

120. A number of simulation test data may be available for ce11ain high primity chemicals. 
Often such data provide a range of half lives in environmental media such as soil, sediment and/or 
surface water. The observed differences in half-lives from simulation tests perfomtcd on the same 
substance may reflect differences in test conditions, all of which may be environmentally relevant. 
A suitable half life in the higher end of the observed range of half lives from such investigations 
should be selected for classification by employing a weight of evidence approach and taldng the 
realism and relevance ofthe employed tests into account in relation to environmental conditions. In 
general, simulation test data of surface water arc preferred relative to aquatic sediment or soil 
simulation test data in relation to the evaluation of rapid degradability in the aquatic environment. 
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4.4 Decision scheme 

121. The following decision scheme may be used as a general guidance to facilitate decisions in 
relation to rapid degradability in tbe aquatic environment and classification of chemicals hazardous 
to the aquatic environment. 

122. A substance is considered to be not rapidly degradable unless at least one of the following 
is fulfilled: 

1) the substance is demonstrated lo be readily biodegradable in a 28-day test for ready 
biodegradability. The pass level of the test (70% DOC removal or 60% theoretical oxygen 
demand) must be achieved within 10 days from the onset of biodegradation, if it is 
possible to evaluate this according to the available test data. If this is not possible, then the 
pass level shollld be evaluated within a J 4 days time window if possible, or after the end 
of the test; or 

2) the substance is demonstrated to be ultimately degraded in a surface water simulation test 1 

with a half~!ifc of <16 days (conesponding to a degradation of>70% within 28 days); or 

3) the substance is demonstrated to be primarily degraded (biotica!ly or abiotically) in the 
aquatic environment with a half~lifc <16 days (conesponding to a degradation of >70% 
within 28 days) and it can be demonstrated that the degradation products do not fitlfil the 
criteria for classification as hazardous to the aquatic environment; or 

When these data are not available rapid degradation may be demonstrated if either of the following 
criteria are justified: 

4) the substance is demonstrated to be ultimately degraded in an aquatic sediment or soil 
simulation test 1 with a half-life of< 16 days (corresponding to a degradation of> 70% 
within 28 days); or 

5) in those cases where only BOD5 and COD data are available, the ratio of BOD5/COD is 
greater than or equal to 0.5. The same criterion applies to ready biodegradability tests of a 
shorter duration than 28 days, if the half-life furthennore is< 7 days. 

Note 1. Simulations tests should reflect realistic environmental conditions such as low 
concentration of the chemical, realistic temperature and employment of ambient nticrobial 
biomass not pre-exposed to the chemical. 

123. If none of the above types of data are available then the substance is considered as not 
rapidly degradable. This decision may be supported by fulfilment of at least one of the following 
criteria: 

1. the substance is not inherently degradable in an inherent biodegradability test; or 

2. the substances is predicted to be slowly biodegradable by scientifically valid QSARs, 
e.g., for the Biodegradation Probability Program, the score for rapid degradation (linear 
or non-linear model)< 0.5; or 
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3. the substance is considered to be not rapidly degradable based on indirect evidence, as 
e.g., knowledge from structurally similar substances; or 

4. no other data regarding degradability are available. 

!65 



305

ENV/JM/MON0(200!)6 

ANNEX4.1 

DETERMINATION OF DEGRADABlLITY OF ORGANIC SUBSTANCES 

124. Organic substances may be degraded by abiotic or biotic processes or by a combination of 
these. A number of standard procedures or tests for dctcnuinatiou of the dcgradability arc available. 
The general principles of some of these arc described below. It is by no way the intention to present 
a comprehensive review of degradability test methods, but only to place the methods in the context 
of aquatic hazard classification. 

l. ABIOTIC DEGRADABJLITY 

125. Abiotic degradation comprises chemical transformation and photochemical 
transformation. Usually abiotic transformations will yield other organic compounds but will not 
cause a full mineralisation (Schwarzenbach eta/., 1993). Chemical transformation is deftned as 
transformation that happens without light and without the mediation of organisms whereas 
photochemical transformations require light. 

126. Examples of relevant chemical transformation processes in aqueous environment are 
hydrolysis, nucleophilic substitution, elimination, oxidation and reduction reactions (Schwarzenbach 
eta!., 1993). Of these, hydrolysis is often considered the most important and it is the only chemical 
transformation process for which international test guidelines are generally available. The tests for 
abiotic degradation of chemicals arc generally in the fonn of determination of transformation rates 
under standardised conditions. 

2. HYDROLYSIS 

127. Hydrolysis is the reaction of the nuclcophilcs H20 or OH- with a chemical where a 
(leaving) group of the chemical is exchanged with an OH group. Many compounds, especially acid 
derivatives, arc susceptible to hydrolysis. Hydrolysis can both be abiotic and biotic, but in regard to 
testing only abiotic hydrolysis is considered. Hydrolysis can take place by different mechanisms at 
different pHs, neutral, acid- or basc-catalysed hydrolysis, and hydrolysis rates may be very 
dependent on pH. 

128. Currently two guidelines for evaluating abiotic hydrolysis are generally available, the 
OECD Test Guideline 111 Hydrolysis as a function of pH (corresponding to OPPTS 835.2110) and 
OPPTS 835.2130 Hydrolysis as a function of pH and temperature. In OECD Test G11ideline I 11, 
the overall hydrolysis rate at different pHs in pure buffered water is detennined. The test is divided 
in two, a preliminary test that is performed for chemicals with unknown hydrolysis rates and a more 
detailed test that is perfom1ed for chemicals that are known to be hydrolytically unstable and for 
chemicals for which the preliminary test shows fast hydrolysis. In the preliminary test the 
concentration of the chemical in buffered solutions at pHs in the range nonnally found in the 
environment (pHs of 4, 7 and 9) at 50°C is measured after 5 days. If the concentration of the 
chemical has decreased less than 10 % it is considered hydrolytically stable, otherwise the detailed 
test may be performed. In the detailed test, the overall hydrolysis rate is determined at three pHs (4, 
7 and 9) by measuring the concentration of the chemical as a function of time. The hydrolysis rate 
is determined at different temperatures so that interpolations or extrapolations to environmentally 
relevant temperatures can be made. The OPPTS 835.2130 test is almost identical in design to the 
OECD Test Guideline 111, the difference mainly being in the treatment of data. 
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129. lt should be noted that apart from hydrolysis the hydrolysis rate constants determined by 
the tests include all other abiotic transformations that may occur without light under the given test 
conditions. Good agreement has been found between hydrolysis rates in natural and in pure waters 
(OPPTS 835.2llO). 

3. PHOTOLYSIS 

130. At present, there is no OECD guideline on aqueous photodegradation, but a guidance 
document, concerning aquatic direct photolysis, is available (OECD, 1997). The Guidance 
Document is supposed to form the basis for a scheduled guideline. According to the definitions set 
out in this Guidance Document, phototransfonnation of compounds in water can be in the form of 
primacy or secondary phototransfonnation, where the plimary phototransfonnation (photolysis) can 
be divided further into direct and indirect photolysis. Direct phototransfonnation (photolysis) is the 
case where the chemical absorbs light and as a direct result hereof undergoes transfonnation. 
Indirect phototransfom1ation is the case where other excited species transfer energy, electrons or H­
atoms to the chemical and thereby induces a transfonnation (sensitised photolysis). Secondary 
phototransfonnation is the case where chemical reactions occur between the chemical and reactive 
short lived species like hydroxy radicals, pcroxy radicals or singlet oxygen that arc formed in the 
presence of light by reactions of excited species like excited humic or fulvic acids or nitrate. 

131. The only cuncntly available guidelines on phototransfonnatiou of chemicals in water arc 
therefore OPPTS 8352210 Direct photolysis rate in water by sunlight and OPPTS 835.5270 
Indirect photolysi\· screening test. TIIC OPPTS 835.2210 test uses a tiered approach. In Tier 1 the 
maximum direct photolysis rate constant (minimum half-life) is calculated from a measured molar 
absorptivity. In Tier 2 there are two phases. In Phase 1 the chemical is photolyscd with s1mlight 
and an approximate rate constant is obtained. In Phase 2, a more accurate rate constant is 
determined by using an actinometer that quantifies the intensity of the light that the chemical has 
actually been exposed to. From the parameters measured, the actual direct photodegradation rate at 
different temperatures and for different latitudes can be calculated. This degradation rate will only 
apply to the uppennost layer of a water body, e.g., the first 50 em or less and only when the water is 
pure and air saturated which may clearly not be the case in environmeru. However, the results can 
be extended over other environmental conditions by the use of a computer programme incorporating 
attenuation in natural waters and other relevant factors. 

132. The OPPTS 835.5270 screening test concerns indirect photolysis of chemicals in waters 
that contain humic substances. The principle of tl!C test is that in natural watc[s exposed to natural 
sunlight a measured phototransfonnation rate will include both direct and indirect 
phototransfonnation, whereas only direct pbototransfonnation will take place in pure water. 
Therefore, the difference between the direct photodegradation rate in pure water and the total 
photodcgradation in natural water is the sum of indirect photolysis and secondary photodegradation 
according to the definitions set 011t in the OECD Guidance Document. In the practical application 
of the test, commercial humic substances are used to make up a synthetic humic water, which 
mimics a natural water. It should be noted that the indirect phototransfonnation rate detcnnined is 
only valid for the season and latitude for which it is determined and it is not possible to transfer the 
results to other latitudes and seasons. 
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4. BIOTIC DEGRADABILITY 

133. Only a brief overview of the test methods is given below. For more information, the 
comprehensive OECD Detailed Review Paper ou Biodegradability Testing (OECD, 1995) should be 
consulted. 

5. READY BIODEGRADABILITY 

134. Standard tests for dctennination of the ready biodegradability of organic stlbstances arc 
developed by a number of organisations including OECD (OECD Test Guidelines 301A-F), EU 
(CA tests), OPPTS (835.3110) and ISO (9408, 9439, 10707). 

135. The ready biodegradability test~ arc stringent test<;, which provide limited opportunity for 
biodegradation and acclimatisation to occur. The basic test conditions ensuring these specifications 
are: 

• high concentration of test substance (2-1 00 mg/L ); 
• the test substance is the sole carbon and energy source; 
• low to medium concentration of inoculum ( 104-1 o~ cells/mL); 
• no pre-adaptation ofinoeulum is allowed; 
• 28 days test period with a 10-days time window (except for the MITI I method (OECD 

Test Guideline 301 C)) for degradation to take place; 
• test temperature < 25°C; and 
• pass levels of 70% (DOC removal) or 60% (02 demand or C02 evolution) 

demonstrating complete mineralisation (as the remaining carbon of the test substance 
is assumed to be built into the growing biomass). 

136. It is assumed that a positive result in one of the ready biodegradability tests demonstrates 
that the substance will degrade rapidly in the environment (OECD Test Guidelines). 

137. Also the traditional BOD5 tests (e.g., fuc EU C.S test) may demonstrate whether a 
substance is readily biodegradable. In this test, the relative biochemical oxygen demand in a period 
of 5 days is compared to the theoretical oxygen demand (ThO D) or, when this is not available, fue 
chemical oxygen demand (COD). The test is completed within five days and consequently, the pass 
level defined in tbc proposed hazard classification criteria at 50% is lower thau in the ready 
biodegradability tests. 

138. The screening test for biodegradability in seawater (OECD Test Guideline 306) may be 
seen as seawater parallel to the ready biodegradability tests. Substances that reach the pass level in 
OECD Test Guideline 306 (i.e., >7Q<l/o DOC removal or >60 theoretical oxygen demand) may be 
regarded as readily biodegradable, since the degradation potential is nonnally lower in seawater than 
in the freshwater degradation tests. 

6. INHERENT BIODEGRADABILITY 

139. Tests for inherent biodegradability are designed to assess whether a substance has any 
potential for biodegradation. Examples of such tests are the OECD Test Guidelines 302A-C tests, 
the EU C.9 and C.l2 tests, and the ASTM E 1625-94 test. 

140. The basic test conditions favouring an assessment of the inherent biodq,'l·adation potential 
are: 
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• a prolonged exposure of the test substance to the inoculum allowing adaptation within 
the test period; 

• a high concentration of micro-organisms; 
• a favourable substance/biomass ratio. 

141. A positive result in an inherent test indicates that the test substance wiJI not persist 
indefinitely in the environment, however a rapid and complete biodegradation can not be assumed. 
A result demonstrating more than 70% mineralisation indicates a potential for ultimate 
biodegradation, a degradation of more than 20% indicates inherent, primary biodegradation, and a 
result of less than 20% indicates that the substance is persistent. Thus, a negative result means that 
non-biodegradability (persistence) should be assumed (OECD Test Guidelines). 

142. ln many inherent biodegradability tests only the disappearance of the test substance is 
measured. Such a result only demonstrates a primary biodegradability and not a total 
mineralisation. Thus, more or Jess persistent degradation products may have been formed. Primary 
biodegradation of a substance is no indication of ultimate degradability in the environment. 

143. The OECD inherent biodegradation tests are very different in their approach and 
especially, the MIT! 11 test (OECD Test Guideline 302C) employs a concentration of inoculum that 
is only three times higher than in the corresponding MITI I ready biodegradability test (OECD Test 
Guideline 301C). Also the Zahn-Weilens test (OECD Test Guideline 302B) is a relatively "weak" 
inherent test. However, although the degradation potential in these tests is not very much stronger 
than in the ready biodegradability tests, the results can not be extrapolated to conditions in the ready 
biodegradability tests and in the aquatic environment. 

7. AQUATIC SIMULATION TESTS 

144. A simulation test attempts to simulate biodegradation in a specific aquatic environment. 
As examples of a standard test for simulation of degradation in the aquatic environment may be 
mentioned the TSO/D$14592 Shake flask batch test with surface water or surface water/sediment 
suspensions (Nyholm and Torang, 1999), the ASTM E 1279-89(95) test on biodegradation by a 
shake-flask die-away method and the similar OPPTS 835.3170 test. Such test methods are often 
referred to as river die-away tests. 

145. The feature..<; of the tests that ensures simulation of the conditious in the aquatic 
enviromncnt arc: 

• use of a natural water (and sediment) sample as inoculum; and 
• low concentration of test substance (l-100 J.Lg/L) ensuring first-order degradation 

kinetics. 

146. Titc 11se of a radiolabelled test compound is recommended as this facilitates the 
determination of the ultimate degradation. If only the ren1oval of the test substance by chemical 
analysis is determined, only the primary degradability is detem1ined. From observation of the 
degradation kinetics, the rate constant for the degradation can be derived. Due to the low 
concentration oft he test substance, first-order degradation kinetics are assumed to prevail. 

147. The test may also be conducted tvith natural sediment simulating the conditions in the 
sediment companment. Moreover, by sterilising the samples, the abiotic degradation under the test 
conditions can be detennined. 
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8. STP SIMULATION TESTS 

148. Tests are also available for simulating the degradability in a sewage treatment plant (STP), 
e.g., the OECD Test Guideline 303A Coupled Unit test, ISO 11733 Activated sludge simulation test, 
and the EU C.IO test. Recently, a new simulation test employing low concentrations of organic 
pollutants has been proposed (Nyholm et. a!., 1996). 

9. ANAEROBIC DEGRADABILITY 

149. Test methods for anaerobic biodegradability dctcmllnc tbc intrinsic potential of the test 
substance to undergo biodegradation under anaerobic conditiom;. Examples of such tests are the 
ISO 11734:1995(E) test, the ASTM E 1196-92 test and the OPPTS 835.3400 test. 

150. The potential for anaerobic degradation is detcnnincd during a period of up to eight weeks 
and with tbe test conditions indicated below: 

• perfonnance of the test in sealed vessels in the absence of 0 2 (initially in a pure N2 

atmosphere); 
• usc of digested sludge; 
• a test temperature of35°C; and 
• dctcnnination of head-space gas pressure (C(h and CH4 fonnation). 

151. The ultimate degradation i.<; deterullncd by determining the gas production. However, also 
primary degradation may be detennined by measuring the remaining parent substance. 

10. DEGRADATION IN SOIL AND SEDIMENT 

152. Many chemical substances end up in the soil or sediment compartments and an assessment 
of their degradability in these environments may therefore be of importance. Among standard 
methods may be mentioned the OECD Test Guideline 304A test on inherent biodegradability in soil, 
which corresponds to the OPPTS 835.3300 test. 

153. The special test characteristics ensuring the determination of the inherent degradability in 
soil are: 

• natural soil samples are used without additional inoculation; 
• radiolabelled test substance is used; and 
• evolution of radio labelled C02 is dctcnnincd. 

154. A standard method for determining the biodegradation in sediment is the OPPTS 835.3180 
Sediment/water microcosm biodegradation test. Microcosms containing sediment and water are 
collected from test sites and test compounds are introduced into the system. Disappearance of the 
parent compound (i.e., primary biodegradation) and, if feasible, appearance of metabolites or 
measurements of ultimate biodegradation may be made. 

155. Currently, two new OECD guidelines are being drafted on aerobic and anaerobic 
transformation in soil (OECD Test Guideline, 1999a) and in aquatic sediment systems (OECD Test 
Guideline 1999b), respectively. The experiments are pe1fonned to detennine the rate of 
transforumtion of the test substance and tbc nature and rates of formation and decline of 
transfonuation products under environmentally realistic conditions including a realistic 
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concentration of the test substance. Either complete mineralisation or primary degradability may be 
determined depending on the analytical method employed for detennining the transformation of the 
test substance. 

11. METHODS FOR ESTIMATING BIODEGRADABlLITY 

156. In recent years, possibilities for estimating environmental properties of chemical 
substances have been developed and, among these, also methods for predicting the biodegradability 
potential of organic substances (e.g., the Syracuse Research Corporation's Biodegradability 
Probability Program, BIOWIN). Reviews of methods have been performed by OECD (1993) and by 
Langenberg et a!. (1996). They show that group contribution methods seem to be the most 
successful methods. Of these, the Biodegradation Probability Program (BIOWIN) seems to have 
the broadest application. It gives a qualitative estimate of the probability of slow or fast 
biodegradation in the presence of a mixed population of environmental micro-organisms. The 
applicability of this program has been evaluated by the US EPA/EC Joint Project on the Evaluation 
of(Q)SARs (OECD, 1994), and by Pedersen et al. (1995). The latter is briefly refmed below. 

157. A validation set of experimentally determined biodegradation data was selected among the 
data from MITI (1992), but excluding substances for which no precise degradation data were 
available and substances already used for development of the programme. The validation set then 
consisted of 304 substances. The biodegradability of these substances were estimated by usc of the 
programme's non-linear estimation module (the most reliable) and the results compared with the 
measured data. 162 substances were predicted to degrade "fast", but only 41 (25%) were actually 
readily degradable in the MITI I test. 142 substances were predicted to degrade "slowly", which was 
confirmed by 138 (97%) substances being not readily degradable in the MITI I test. Thus, it was 
concluded that the programme may be used for classification purposes only when no experimental 
degradation data can be obtained, and when the programme predicts a substance to be degraded 
"slowly". In this case, the substance can be regarded as not rapidly degradable. 

158. The same conclusion was reached in the US EPAIEC Joint Project on the Evaluation of 
(Q)SARs by use of experimental and QSAR data on new substances notified in the EU. The 
evaluation was based on an analysis of QSAR predictions on 115 new substances also tested 
experimentally in ready biodegradability tests. Only 9 of the substances included in this analysis 
were Teadily biodegradable. The employed QSAR methodology is not fully specified in the final 
report of the Joint US EPAIEC project (OECD, 1994), but it is likely that the majority of predictions 
were made by using methods which later have been integrated in the Biodegradation Probability 
Program. 

159. Also in the EU TGD (EC, 1996) it is recommended that estimated biodegradability by usc 
of the Biodegradation Probability Program is used only in a conservative way, i.e., when the 
programme predicts fast biodegradation, this result should not be taken into consideration, whereas 
predictions of slow biodegradation may be considered (EC, 1996). 

160. Thus, the usc of results of the Biodegradability Probability Program in a conservative way 
may fulfil the needs for evaluating biodegradability of some of the large number of substances for 
which no experimental degradation data arc available. 
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ANNEX4.11 

FACTORS INFLUENCING DEGRADABILITY IN THE AUQATIC ENVIRONMENT 

161. The OECD classification criteria arc considering the hazards to the aquatic environment 
only. However, the hazard classification is primarily based on data prepared by conduction of tests 
under laboratory conditions that only seldom are similar to the conditions in the environment. Thus, 
the interpretation of laboratory test data for prediction of the hazards in the aquatic environment 
should be considered. 

162. Interpretation of test results on biodegradability of organic substances has been considered 
in the OECD Detailed Review Paper on Biodegradability Testing (OECD, 1995). 

163. The conditions in the environment are typically very different from the conditions in the 
standardised test systems, which make the extrapolation of degradation data from laboratory tests to 
the environment difficult, Among the differences, the following have significant influence on the 
degradability: 

• Organism related factors (presence of competent micro-organism<;); 
• Substrate related factors (concentration of the substance and presence of other 

substrates); and 
• Environment related factors (physico-chemical conditions, presence of nutrients, 

bioavailability oftbe substance), 

164, These aspects will be discussed further below, 

1. PRESENCE OF COMPETENT MICRO~ORGANISMS 

165, Biodegradation in the aquatic environment is dependent on the presence of competent 
micro-organisms in sufficient numbers, The natural microbial communities consist of a very diverse 
biomass and when a 'new' substance is introduced in a sufficiently high concentration, the biomass 
may be adapted to degrade this substance, Frequently, dte adaptation of the microbial population is 
caused by the growth of specific degraders that by nature are competent to degrade the substance. 
However, also other processes as enzyme induction, exchange of genetic material and development 
of tolerance to toxicity may be involved, 

166. Adaptation takes place during a "lag" phase, which is the time period from the onset of the 
exposure until a significant degradation begins. It seems obvious that the length of the lag phase 
will depend on the initial presence of competent degraders. This will again depend on the history of 
the microbial community, i,e., whether the community fonnerly has been exposed to the S\Jbstancc, 
This means that when a xcnobiotic substance has been used and emitted ubiquitously in a number of 
years, the likelihood of finding competent degraders will increase. This will especially be the case 
in environments receiving emissions as e.g., biological wastewater treatment plants. Often more 
consistent degradation results arc found in tests where inocula from poll11ted waters arc l!Sed 
compared to tests with inocula from unpolluted water (OECD, 1995; Nyholm and Ingerslev, 1997), 

167. A number of factors detcnuinc whether the potential for adaptation in the aquatic 
environment is comparable with the potential in laboratory tests. Among other things adaptation 
depends on: 

• initial number of competent degraders in the biomass (fraction and number); 
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• presence of surfaces for attachment; 
• concentration and availability of substrate; and 
• presence of other substrates. 

168. The len.!,>th of the lag phase depends on the initial number of competent degraders and, for 
toxic substances, the survival and recovery of these. In standard ready biodegradability tests, the 
inoculum is sampled in sewage treatment plants. As the load with JX)llutants is nonnally higher than 
in the environment, both the fraction and the number of competent degraders may be higher than in 
the less polluted aquatic environment. It is, however, difficult to estimate how much longer the lag 
phase will be in the aquatic environment than in a laboratory test due to the likely lower initial 
number of competent degraders. 

169. Over long periods of time, the initial concentration of competent degraders is not 
important as they will grow up when a suitable substrate is present in sufficient concentrations. 
However, if the degradability in a short period of time is of concern, the initial concentration of 
competent degrading micro-organisms should be considered (Scow, 1982). 

170. The presence of floes, aggregates and attached micro-organisms may also enhance 
adaptation by e.g., development of microbial niches with consortia of micro-organisms. This is of 
importance when considering the capability of adaptation in the diverse environments in sewage 
treatment plants or in sediment or soil. However, the total number of micro-organisms in ready 
biodegradability tests and in the aquatic environment are of the same orders of magnitude (104-108 

cellslmL in ready biodegradability tests and 103-106 cellsfmL or more in surface water (Scow, 
1982). Thus, this factor is probably of minor importance. 

171. When discussing the extrapolation to environmental conditions it may be valuable to 
discriminate between oligotrophic and eutrophic environments. Micro-organisms thriving under 
oligotrophic conditions arc able to mincralisc organic substrates at low concentrations (fractions of 
mg C/L), and they normally have a greater affinity for the substrate but lower growth rates aud 
higher generation times than eutrophic organisms (OECD, 1995). Moreover, oligotrophs arc unable 
to degrade chemicals in concentrations higher than I mg!L and may even be inhibited at high 
concentrations. Opposite to that, cutrophs require higher substrate concentrations before 
mineralisation begins and they thrive at higher concentrations than oligotrophs. Thus, the lower 
threshold limit for degradation in the aquatic environment will depend on whether the microbial 
population is an oligotroph or an cutroph population. It is, however, not clear whether oligotrophs 
and cutrophs arc different species or whether there is only an oligotrophic and an eutrophic way of 
life (OECD, 1995). Most pollutants reach the aquatic environment directly through discharge of 
wastewater and consequently, these recipients are mostly eutrophic. 

172. From the above discussion it may thus he concluded that the chance of presence of 
competent degraders is greatest in highly exposed environments, i.e., in environments continuously 
receiving substances (which more frequently occurs for high production volume chemicals than for 
low production volume chemicals). These environments are often eutrophic and therefore, the 
degradation may require relatively high concentrations of substances before onset. On the other 
hand, in pristine waters competent species may be lacking, especially species capable of degradation 
of chemicals only occasionally released as low production volume chemicals. 
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2. SUBSTRATE RELATED FACTORS 

2.1 Concentration of test substance 

173. In most laboratory tests, the test substance is applied in very high concentrations (2~100 
mg!L) compared to the concentrations in the lower ).tg/L range that may be expected in the aquatic 
environment. In general, growth ofnticro-organisms is not supported when a substrate is present in 
concentrations below a threshold level of around 10 ).tg/L and at lower concentrations, even the 
energy requirement for maintenance is not met (OECD, 1995). The reason for this lower threshold 
level is possibly a Jack of sufficient stimulus to initiate an enzymatic response (Scow, 1982). This 
means in general that the concentrations of many substances in the aquatic environment are at a 
level where they can only hardly be the primary substrate for degrading micro-organisms. 

174. Moreover, the degradation kinetics depend~ on substance concentration (S0) compared 
with the saturation constant (K,) as described in the Monod equation. The saturation constant is the 
concentration of the substrate resulting in a specific growth rate of 50'% of the maximum specific 
growth rate. At substrate concentrations much lower than the saturation constant, which is the 
normal situation in most of the aquatic environment, the degradation can be described by first order 
or logistic kinetics (OECD, I995). When a low density of micro-organisms (lower than 103-105 

cclls/mL) prevails (e.g., in oligotrophic waters), the population grows at ever decreasing rates which 
is typical oflogistic kinetics. At a higher density of micro-organisms (e.g., in cuh·ophic waters), the 
substrate concentration is not high enough to suppmt growth of the cells and first order kinetics 
apply, i.e., the degradation rate is proportional with the substance concentration. In practice, it may 
be impossible to distinguish between the two types of degradation kinetics due to uncertainty of the 
d"a (OECD, 1995), 

175. In conclusion, substances in low concentrations (i.e., below 10 J.lg/L) are probably not 
degraded as primary substrates in the aquatic environment. At higher concentrations, readily 
degradable substances will probably be degraded as primary substrates in the environment at a 
degradation rate more or Jess proportional with the concenh·ation of the substance. The degradation 
of substances as secondary substrates is discussed below. 

2.2 Presence of other substrates 

176. In the standard tests, the test substance is applied as the sole substrate for the micro­
organisms while in the cnviron111cnt, a large number of other substrates arc present. ln natural 
waters, concentrations of dissolved organic carbon are often found in the range 1-10 mg C/L, i.e., up 
to a factor 1000 higher than a pollutant. However, much of this organic carbon is relatively 
persistent with an increasing fraction of persistent matter the longer the distance from the shore. 

177. Bacteria ht natural waters are primarily nourishing on exudates from algae. These 
exudates arc mineralised very quickly (within mhmtcs) demonstrating that there is a high 
degradation potential in the nah1ral micro-organism communities. Thus, as micro-organisms 
cmnpctc for the variety of substrates in natural waters, there is a selection pressure among micro­
organisms resulting in growth of opportunistic species capable of nourishing on quickly mineralised 
substrates, while growth of mm-c specialised species is suppressed. Experiences from isolation of 
bacteria capable of degrading various xenobiotics have demonstrated that these organisms are often 
growing relatively slowly and survive on complex carbon sources in competition with more rapidly 
!,'TOWing bacteria. When competent micro-organisms are present in the environment, their numbers 
may increase if the specific xcnobiotic substrate is continuously rclca~ed and reach a concentration 
in the environment sufficient to support growth. However, most of the organic pollutants in the 
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aquatic environment are present in low concentrations and will only be degraded as secondary 
substrates not supporting growth. 

178. On the other hand, the presence of quickly mineralised substrates in higher concentrations 
may facilitate an initial transfonnation of the xenobiotic molecule by co-metabolism. The co­
metabolised substance may then be available for further degradation and mineralisation. Thus, the 
presence of other substrates may increase the possibilities for a substance to be degraded. 

179. lt may then be concluded that the presence of a variety of substrates in natural waters and 
among then1 quickly mineralised substrates, may on the one hand cause a selection pressure 
suppressing growth of micro-organisms competent of degrading micro-pollutants. On the other 
hand it may facilitate an increased degradation by an initial co-metabolism followed by a fmther 
mineralisation. The relative importance of these processes under natmal conditions may vary 
depending on both the environmental conditions and the substance and no generalisation can yet be 
established. 

3. ENVIRONMENT RELATED FACTORS 

180. The cnvirom11Cntal variables control the general microbial activity rather than specific 
degradation processes. However, the significance of the influence varies between different 
ecosystems and microbial species (Scow, 1982). 

3.1 Redox potential 

181. One of the most important environment related factors influencing the dcgradability is 
probably the presence of oxygen. The oxygen content and the related redox potential determines the 
presence of different types of micro-organisms in aquatic environments with aerobic organisms 
present in the water phase, in the upper layer of sediments and in parts of sewage treatment plants, 
and anaerobic organisms present in sediments and parts of sewage treatment plants. In most parts of 
the water phase, aerobic conditions are prevailing and the prediction of the biodegradability should 
be based on results from aerobic tests. However, in some aquatic environments the oxygen content 
may be very low in periods of the year due to eutrophication and the following decay of produced 
organic matter. In these periods, aerobic organisms will not be able to degrade the chemical, but 
anaerobic processes may take over ifthe chemical is degradable under anaerobic conditions. 

3.2 Temperature 

182. Another important parameter is the temperature. Most laboratory tests are performed at 
20-25°C (standard aerobic ready biodegradability tests), but anaerobic tests may be perfonned at 
35°C as this better mimics the conditions in a sludge reactor. Microbial activity is found in the 
environment at temperatures ranging from below 0°C to l00°C. However, optirrnnn temperatures 
are probably in U1e range from 10°C to 30°C and roughly, the degradation rate doubles for every 
l0°C increase of temperature in this range (de Henau·, 1993). Outside this optimum range the 
activity of the degraders is reduced drastically although some specialised species (tcnno- and 
psycrophilic bacteria) may thrive. When extrapolating from laborat01y conditions, it should be 
considered that some aquatic environments are covered by icc in substantial periods of the year and 
that only minor or even no degradation can be expected during the winter season. 

3.3 pH 
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183. Active micro-organisms are found in the entire pH range found in the environment. 
However. for bacteria as a group, slightly alkaline conditions favour the activity and the optimum 
pH range is 6-8. At a pH lower than 5, the metabolic activity in bacteria is significantly decreased. 
For fungi as a group, slightly acidic conditions favour the activity with an optimum pH range of 5-6 
(Scow. 1982). Thus. an optimum for dte degrading activity of micro-organisms will probably be 
within the pH range of 5-8, which is the range most often prevailing in the aquatic environment 

3.4 Presence of nutrients 

184. The presence of inorganic nutrients (nitrogen and phosphorus) is often required for 
microbial growth. However, these are only seldom the activity limiting factors in the aquatic 
environment where growth of micro-organisms is often substrate limited. However, the presence of 
nutrient influences the growth of primary producers and then again the availability of readily 
mineralised exudates. 
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ANNEX4.111 

TEST GUIDELINES 

185. Most of the guidelines mentioned are found in compilations from the organisation 
issuing them. The main references to these are: 

• EC guidelines: European Coltlmission (1996). Classification, Packaging and Labelling 
of Dangerous Substances in the European Union. Part 2- Testing Methods. European 
Commission. 1997. ISBN92-828-0076-8. (Homcpage: http://ceb.ei.irc.iUtesting· 
method§!); 

• ISO guidelines: Available from the national standardisation organisations or ISO 
(Homepage: hup://www.iso.cll[); 

• OECD guidelines for the testing of chemicals. OECD. Paris. 1993 with regular 
updates (Homepage: http://www.oecd.org/ehs/test/testlist.htm); 

• OPPTS gu"tdelines: US-EPA's homepage: 
http://www.cpa.gov/opptsfi"s/home/mJidclin.htm; 

• ASTM: ASTM's homcpage: http://www.astm.org. Further search via "standards". 

ASTM E 1196-92. 

ASTM E 1279-89(95) Standard test method for biodegradation by a shake-flask die-away method. 

ASTM E 1625-94 Standard test method for determining biodegradability of organic chemicals in 
semi-continuous activated sludge (SCAS). 

EC CA. A to F: Determination of ready biodegradability. Directive 67/548/EEC, AnnexV. (1992). 

EC C.S. Degradation: biochemical oxygen demand. Directive 67/548/EEC, AnnexV. (1992). 

EC C.7. Degradation: abiotic degradation: hydrolysis as a function of pH. Directive 67/548/EEC, 
AnncxV. (1992). 

EC C.9. Biodegradation: Zahn-Wellcns tcsl. Directive 67/548/EEC, AmtcxV. (1988). 

EC C.IO. Biodegradation: Activated sludge simulation tests. Directive 67/548/EEC, AlmexV. 
(1998). 

EC C.II. Biodegmdation: Activated sludge respiration inhibition test. Directive 67/54&'EEC, 
AnncxV.(1988). 

EC C.I2. Biodegradation: Modified SCAS test. Directive 67/548/EEC, AnnexV. (1998). 

ISO 9408 (1991). Water quality - Evaluation in an aqueous medium of the ''ultimate'' 
biodegradability of organic compounds - Method by determining the oxygen demand in a closed 
respirometer. 

ISO 9439 (1990). Water quality - Evaluation in an aqueous medium of the "ultimate" 
biodegradability of organic compounds- Method by analysis of released carbon dioxide. 
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ISO 9509 (1996). Water quality - Method for assessing the inhibition of nitrification of activated 
sludge micro-organisms by chemicals and wastewaters. 

ISO 9887 (1992). Water quality- Evaluation of the aerobic biodegradability of organic compounds 
in an aqueous medium- Semicontinuous activated sludge method (SCAS). 

ISO 9888 (1991). Water quality- Evaluation of the aerobic biodegradability of organic compounds 
in an aqueous medium- Static test (Zahn-Wellens method). 

ISO 10707 (1994). Water quality - Evaluation in an aqueous medium of the "ultimate" 
biodegradability of organic compounds - Method by analysis of biochemical oxygen demand 
(closed bottle test). 

ISO 11348 (1997). Water quality- Determination of the inhibitory effect of water samples on the 
light emission of Vibrio ji.~cheri (Luminescent bacteria test). 

ISO 11733 (1994). Water quality- Evaluation of the elimination and biodegradability of organic 
compoUIJds in an aqneous mcdi11m- Activated sludge simulation test. 

ISO 11734 (1995). Water quality - Evahmtion of the "ultimate" anaerobic biodegradability of 
Ofl~>anic compounds in digested sh1dge -Method by measurement of the biogas production. 

ISO/DIS 14592 .(1999) \:Vater quality - Evaluation of the aerobic biodegradability of organic 
compounds at low conceutrations in water. Part 1: Shake flask batch test with surface water or 
surface water/sediment suspensions (22.11.1999). 

OECD Test Guideline 111 (l98I). Hydrolysis as a function of pH. OECD guidelines for testing of 
chemicals. 

OECD Test Guideline 209 (1984). Activated sludge, respiration inhibition test. OECD guidelines 
for testing of chemicals. 

OECD Test Guideline 301 (1992). Ready biodegradability. OECD guidelines for testing of 
chemicals. 

OECD Test Guideline 302A (1981). Inherent biodegradability: Modified SCAS test. OECD 
guidelines for testing of chemicals. 

OECD Test Guideline 302B (1992). Zahn-Wcilens/EMPA test. OECD guidelines for testing of 
chemicals. 

OECD Test Guideline 302C (1981). Inherent biodegradability: Modified MITI test (II). OECD 
&ruidelines for testing of chemicals. 

OECD Test Gl.Iidclinc 303A (1981). Simulation test- aerobic sewage txcatment: Coupled units test 
OECD gnidelincs fortesting of chemicals. Draft update available 1999. 

OECD Test Guideline 304A (1981). Inherent biodegradability in soiL OECD guidelines for testing 
of chemicals. 
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OECD Test Guideline 306 (1992). Biodegradability in seawater. OECD guidel\nes for testing of 
chemicals. 

OECD (1998b). Aerobic and anaerobic transformation in aquatic sediment systems. Draft proposal 
for a new guideline, December 1999. 

OECD (1999). Aerobic and anaerobic transformation in soil. Final text of a draft proposal for a new 
guideline, October. 1999. 

OECD (2000). Simulation test- Aerobic Transformation iu Surface Water. Draft proposal for a new 
guideline, May 2000. 

OPPTS 835.2110 Hydrolysis as a function of pH. 

OPPTS 835.2130 Hydrolysis as a function of pH and temperature. 

OPPTS 835.2210 Direct photolysis rate in water by sunlight. 

OPPTS 835.3110 Ready biodegradability. 

OPPTS 835.3170 Shake flask die-away test. 

OPPTS 835.3180 Sediment/water microcosm biodegradability test. 

OPPTS 835.3200 Zahn-Wcllens/EMPA test. 

OPPTS 835.3210 Modified SCAS test. 

OPPTS 835.3300 Soil biodegradation. 

OPPTS 835.3400 Anaerobic biodegradability of organic chemicals. 

OPPTS 835.5270 Indirect photolysis screening test: Sunlight photolysis in waters containing 
dissolved humic substances. 
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5. BIOACCUMULATION 

5.1 INTRODUCTION 

186. Bioaccumulation is one of the important intrinsic properties of chemical substances that 
detem1ine the potential environmental hazard. Bioaccumulation of a substance into an organism is 
not a hazard in itself, but bioconccntration and bioaccumulation will result in a body burden, which 
may or may not lead to toxic effects. In the harmonised integrated hazard classification system for 
human health and environmental effects of chemical substances (OECD, 1998), the wording 
"potential for bioaccumulation" is given. A distinction should, however, be drawn between 
bioconccntration and bioaccumulation. Here bioconccntration is defined as !he net result ofltptakc, 
transfonnation, and elimination of a substance in an organism due to waterborne exposure, whereas 
bioaccumulation includes all routes of exposure (i.e., via air, water, sediment/soil, and food). 
Finally, biomagnification is defined as accumulation and transfer of substances via the food chain, 
resulting in an increase of internal concentrations in organisms on higher levels of the trophic chain 
(Ellfopean Commission, 1996). Fonnost organic chemicals uptake from water (bioconccntration) is 
believed to be the predominant route of uptake. Only for very hydrophobic substances docs uptake 
from food becomes- impmtant. Also, the harmoniscd classification criteria usc 1hc bioconccntration 
factor (or the octanol/watcr partition coefficient) as the measure of the potential for 
bioaccumulation. For these reasons, the present guidance document only considers bioconccntration 
and does not discuss uptake via food or other routes. 

187. Classification of a chemical substance is primarily based on its intrinsic properties. 
However, the degree of bioconccntration also depends on factors snch as the degree of 
bioavailability, the physiology of test organism, maintenance of constant exposure concentration, 
exposure duration, metabolism inside !he body of !he target organism and excretion fi'Om the body. 
The interpretation of the bioconcentration potential in a chemical classification context therefore 
requires an evaluation of the intrinsic properties of the substance, as well as of the experimental 
conditions under which bioconccntration factor (BCF) has been determined. Based on the guide, a 
decision scheme for application ofbioconcentration data or Jog K0 ,.. data for classification purposes 
has been developed. The emphasis of the present chapter is organic substances and organo~metals. 
Bioaccumulation of metals is also discussed in Chapter 7. 

188. Data on bioconcentration properties of a substance may be available from standardised 
tests or may be estimated from the structure of the molecule. The interpretation of such 
bioconcentration data for classification purposes often requires detailed evaluation of test data. In 
order to facilitate this evaluation two additional annexes are enclosed. These annexes describe 
available methods (Annex 5.1) and factors influencing the bioconcentration potential (Annex 5.Il). 
Finally, a list of standardised experimental methods for determination of bioconccntration and Kow 
are attached (Annex 5.1Il) together with a list of references (Annex 5.1V). 

5.2 INTERPRETATION OF BIOCONCENTRATION DATA 

189. Environmental hazard classification of a c_hemical substance is nom1ally based on existing 
data 011 its environmental properties. Test data will only seldom be prodl1ced with the main purpose 
of facilitating a classification. Often a diverse range of test data is available which docs not 
necessarily match the classification criteria. Consequently, guidance is needed on interpretation of 
existing test data in the context of hazard cla~sification. 

190. Bioconcentration of an organic substance can be experimentally determined in 
bioconccntration experiments, during which BCF is measured as the concentration in the organism 
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relative to the concentration in water under steady-state conditions and/or estimated from the uptake 
rate constant (k1) and the elimination rate constant (k1) (OECD 305, 1996). In general, the potential 
of an organic substance to bioconcentrate is primarily related to the lipophilicity of the substance. A 
measure of Jipophilicity is the n-octanol-water partition coefficient (K.,w) which, for lipophilic non­
ionic organic substances, undergoing minimal metabolism or biotransformation within the organism, 
is correlated with the bioconcentration factor. Therefore, Kow is often used for estimating the 
bioconcentration of organic substances, based on the empirical relationship between log BCF and 
Jog K.,w- For most organic substances, estimation methods are available for calculating the K.,w. 
Data on the bioconccntration properties of a substance may thus be (I) experimentally detcnnincd, 
(2) estimated from experimentally determined Kow, or (3) estimated from K.,w values derived by use 
of Quantitative Structure Activity Relationships (QSARs). Guidance for interpretation of such data 
is given below together with guidance on assessment of chemical categories, which need special 
attention. 

5.2.1 Bioconcentration factor (BCF) 

191. The bioconccntration factor is defined as the ratio on a weight basis between the 
concentration of the chemical in biota and the concentration in the surrounding medium, here water, 
at steady state. BCF can thus be experimentally derived under steady-state conditions, on the ba~is 
of measured concentrations. However, BCF can also be calculated as the ratio between the first­
order uptake and elimination rate constants; a method which docs not require equilibrium 
conditions. 

192. Different test guidelines for the experimental determination of bioconcentration in fish 
have been documented and adopted, the most generally applied being the OECD test guideline 
(OECD 305, 1996). 

193. Experimentally derived BCF values of high quality are ultimately preferred for 
classification purposes as such data override surrogate data, e.g., Kow· 

194. High quality data are defined as data where the validity criteria for the test method applied 
are fulfilled and described, e.g., maintenance of constaut exposure concentration; oxygen and 
temperature variations, and documentation that stea<ly-state conditions have been reached, etc. The 
experiment will be regarded as a high-quality study, if a proper description is provided (e.g., by 
Good Laboratory Practice (GLP)) allowing verification that validity criteria are fulfilled. In 
addition, an appropriate analytical method must be used to quantify the chemical and its toxic 
metabolites in the water and fish tissue (see Annex 1 for further details). 

195. BCF values of low or uncertain quality may give a false and too low BCF value; e.g., 
application of measured concentrations of the test substance in fish and water, but measured after a 
too short exposure period in which steady-state conditions have not been reached (cf. OECD 306, 
1996, regarding estimation of time to equilibrium). Therefore, such data should be carefully 
evaluated before usc and consideration should be given to using K,w instead. 

196. If there is no BCF value for fish species, high-quality data on the BCF value for other 
species may be used (e.g., BCF determined on blue mussel, oyster, scallop (ASTM E 1022-94)). 
Reported BCFs for microalgae should be used with caution. 

197. For highly lipophilic substances, e.g., with log Kow above 6, experimentally derived BCF 
values tend to decrease with increasing log K,w. Conceptual explanations of this non-linearity 
mainly refer to either reduced membrane permeation kinetics or reduced biotic lipid solubility for 

183 



323

ENV/JMIMON0(2001 )6 

large molecules. A low bioavailability and uptake of these substances in the organism will thus 
occur. Other factors comprise experimental artefacts, such as equilibrium not being reached, 
reduced bioavailability due to sorption to organic matter in the aqueous phase, and analytical errors. 
Special care should thus be taken when evaluating experimental data on BCF for highly lipophilic 
substances as these data will have a much higher level of uncertainty than BCF values detennlned 
for less lipophilic substances. 

BCF in different te8t species 

198. BCF values used for classification are based on whole body measurements. As stated 
previously, the optimal data for classification arc BCF values derived using the OECD 305 test 
method or internationally equivalent methods, which uses small fish. Due to the higher gill surface 
to weight ratio for smaller organisms than larger organisms, steady-state conditions will be reached 
sooner in smaller organisms than in larger ones. The size of the organisms (fish) used in 
bioconccntration sntdies is thus of considerable importance in relation to the time used in the uptake 
phase, when the reported BCF value is based solely on measured concentrations in fish and water at 
steady-state. Thus, if large fish, e.g., adult salmon, have been ttscd in bioconccntration studies, it 
should be evaluated whether the uptake period was sufficiently long for steady state to be reached or 
to allow for a kinetic uptake rate constant to be determined precisely. 

199. Fwthermorc, when using existing data for classification, it is possible that the BCF values 
cmtld be derived from several different fish or other aquatic species (e.g., clams) and for different 
organs in the fish. TluJs, to compare these data to each other and to the criteria, some common basis 
or normalisation will be required. It has been noted that there is a close relationship bet\veen the 
lipid content of a fish or an aquatic organism and the observed BCF value. Therefore, when 
comparing BCF values across different fish species or when converting BCF values for speciftc 
organs to whole body BCFs, the common approach is to express the BCF values on a common lipid 
content. If e.g., whole body BCF values or BCF values for specific organs are found in the 
literature, the first step is to calculate the BCF on a% lipid basis using the relative content of fat in 
the fish (cf. literature/test guideline for typical fat content of the test species) or the organ. In the 
second step the BCF for the whole body for a typical aquatic organism (i.e., small fish) is calculated 
assuming a common default lipid content. A default value of 5% is most commonly used (Pedersen 
et at., 1995) as this represents the average lipid content of the small fish used in OECD 305 (1996). 

200. Generally, the highest valid BCF value expressed on this common lipid basis is used to 
dctcnuinc the wet weight based BCF-valuc in relation to the cut off value for BCF of 500 of the 
harrnonised classification criteria. 

Use of radiolahelled srtbstallces 

20 I. The usc of radiolabcllcd test substances can facilitate the analysis of water and fish 
samples. However, unless combined with a specific analytical method, the total radioactivity 
measurements potentially reflect the presence of the parent SlJbstancc as well as possible 
mctabolitc(s) and possible metabolised carbon, which have been incorporated in the fish tissue in 
organic molecules. BCF values determined by'ttsc of radio labelled test substances arc therefore 
nonnally overestimated. 

202. When using radiolabcllcd substances, the labelling is most often placed in the stable part 
of the molecule, for which reason the measured BCF value inchtdcs the BCF of the metabolites. For 
some substances it is the metabolite which is the most toxic and which has the highest 
bioconcentration potential. Measurements of the parent substance as well as the metabolites may 
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thus be important for the interpretation of the aquatic hazard (including the bioconcentration 
potential) of such substances. 

203. In experiments where radiolabelled substances have been used, high radiolabel 
concentrations are often found in the gall bladder of fish. This is interpreted to be caused by 
biotransfommtion in the liver and subsequently by excretion of metabolites in the gail bladder 
(Comotto et al., 1979; Wakabayashi eta!., 1987; Goodrich eta!., 1991; Toshima ef a!., 1992). When 
fish do not eat, the content of the gail bladder is not emptied into the gut, and high concentrations of 
metabolites may build up in the gali bladder. The feeding regime may thus have a pronounced 
effect on the measured BCF. In the literature many studies are found where radiolabelled 
compounds arc used, and where the fish arc not fed. As a result high concentrations of radioactive 
material arc found in the gall bladder. In these studies the bioconcentration may in most cases have 
been overestimated. Thus when evaluating experiments, in which radiolabcllcd compounds are used, 
it is essential to evaluate the feeding regime as well. 

204. If the BCF in terms of radiolabeUed residues is documented to be ~ 1000, identification 
and quantification of de&rradation products, representing~ 10% of total residues in fish tissues at 
steady-state, arc for e.g., pesticides strongly recommended in the OECD guideline No. 305 (1996). 
If no identification and quantification of metabolites are available, the assessment of 
bioconcentration should be based on the measured radiolabelled BCF value. If, for highly 
bioaccumulativc substances (BCF ~ 500), only BCFs based on the parent compound and on 
radiolabcllcd measmcmcnts are available, the latter should thus be used in relation to classification. 

5.2.2 Octanol-water-partitioning coefficient (K..w) 

205. For organic substances experimentally derived high-quality Kow values, or values which 
are evaluated in reviews and assigued as the "rcconunended values", are preferred over oilier 
determinations of Kov.·· When no experimental data of high quality are available, validated 
Quantitative Structure Activity Relalionships (QSARs) for log Kow may be used in the classification 
process. Such validated QSARs may be used without modification to the agreed c1iteria if they are 
restricted to chemicals for which their applicability is well characterised. For substances like stroug 
acids and bases, substances which react with the eluent, or surface-active substances, a QSAR 
estimated value ofKow or an estimate based on individual n-octanol and water solubilities should be 
provided instead of an analytical determination of Kow (EEC A.8., 1992; OECD 117, 1989). 
Measurements should be taken on ionizable substances in their non-ionised form (free acid or free 
base) only by using an appropriate buffer with pH below pK for free acid or above the pK for free 
base. 

Experimental determinatiolt of Kow 

206. For experimental determination ofKow values, several different methods, Shake-flask, and 
HPLC, are described in standard guidelines, e-.g., OECD Test Guideline 107 (1995); OECD Test 
Guideline I 17 (1989); EEC A.8. (1992); EPA-OTS (1982); EPA-FIFRA (1982); ASTM (1993); the 
pH-metric method (OECD Test Guideline in preparation). 1l1e shake-flask method is recommended 
when the log K.,w value falls within the range from -2 to 4. The shake-flask method applies only to 
essential pure substances soluble in water and 11-octanol. For highly lipophilic substances, which 
slowly dissolve in water, data obtained by employing a slow-stining method arc generally more 
reliable. Furthermore, the experimental difficulties, associated with the formation ofmicrodroplets 
during the shake-flask experiment, can to some degree be overcome by a slow-stin1ng method 
where water, octanol, and test compound arc equilibrated in a gently sti1red reactor. With the slow­
stirring method (OECD Test Guideline in preparation) a precise and accurate dctcnnination ofK.,w 
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of compounds with log K:.w of up to 8.2 is allowed (OECD draft Guideline, 1998). As for the shake~ 
flask method, the slow-stirring method applies only to essentially pure substances soluble in water 
and n-octanol. The HPLC method, which is performed on analytical columns, is recommended 
when the log Kow value falls within the range 0 to 6. The HPLC method is less sensitive to the 
presence of impurities in the test compound compared to the shake-flask method. Another 
technique for measuring log K..w is the generator column method (USEPA 1985). 

207. As an experimental determination of the Kaw is not always possible, e.g., for very water-
soluble substances, very lipophilic substances, and surfactant~, a QSAR-dcrivcd Kow may be used. 

Use ofQSARsfor determination of log K,. 

208. When an estimated K,w value is fmmd, the estimation method has to be taken into account. 
Numerous QSARs have been and continue to be developed for the estimation of I"Cow· Four 
commercially available PC programmes (CLOGP, LOGKOW (KOWWIN), AUTOLOGP, SPARC) 
arc frequently used for risk assessment if no experimentally derived data arc available. CLOGP, 
LOGKOW and AUTOLOGP are based upon the addition of group contributions, while SPARC is 
based upon a more fundamental chemical structure algorithm. Only SPARC can be employed in a 
general way for inorganic or organometallic compounds. Special methods arc needed for estimating 
log K,w for surface-active compound~, chclating compounds and mixtures. CLOGP is recommended 
in the US EPAJECjoint project on validation ofQSAR estimation methods (US EPA/EC 1993). 
Pedersen et al. (1995) recommended the CLOGP and the LOGKOW programmes for classification 
purposes because of their reliability, commercial availability, and convenience oftlSC. The following 
estimation methods are recommended for classification purposes (Table 1 ). 

Table 1. Recommended QSARs for estimation of Kow 

MODEL Log K.,,. range 

CLOGP <0->9 

LOGKOW -4- 8' 
(KOWWIN) 

AUTOLOGP >5 

SPARC Provides improved 
result<; over 
KOWWIN and 
CLOGP for 
compounds with log 
K,w > 5. 

Substance utility 

The program calculates log K.:.wfor organic compounds 
containin_g C, H, N, 0, Hal, P, and/or S. 
The program calculates log Kow for organic compounds 
containing C, H, N, 0, Hal, Si, P, Se, Li, Na, K, and/or Hg. 
Some surfactants (e.g., alcohol ethoxylates, dyestuffs, and 
dissociated substances may be predicted by the program as 
well. 
The progranune calculates log K.,w for organic compounds 
containing C, H, N, 0, Hal, P and S. Improvements are in 
progress in order to extend the applicability of 
AUTOLOGP. 
SPARC is a mechanistic model based on chemical 
thermodynamic principles rather than a deterministic 
model rOoted in knowledge obtained from observational 
data. Therefore, SPARC differs from models that usc 
QSARs (i.e., KOWWIN, CLOGP, AUTOLOGP) in that no 
measured log K.w data arc needed for a training set of 
chemicals. Only SPARC can be employed in a general way 
for inorganic or organometallic compounds. 
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1) A validation study performed by Niemela, who compared experimental detetmined log K.w,. 
values with estimated values, showed that the program precisely predicts the log Kow for a great 
number of organic chemicals in the log Kow range from below 0 to above 9 (n = 501, r2 = 0.967) 
(TemaNord 1995: 581). 

2) Based on a scatter plot of estimated vs. experimental log K.w (Syracuse Research Corporation, 
1999), where 13058 compound have been tested, the LOGKOW is evaluated being valid for 
compounds with a log Kow in the interval-4 - 8. 

5.3 CHEMICAL CATEGORIES THAT NEED SPECIAL ATTENTION WITH 
RESPECT TO BCF AND IC.w VALUES 

209. There are certain physico-chemical properties, which can make the determination ofBCF 
or its measurement difficult. These may be substances, which do not bioconcentrate in a manner 
consistent with their other physico-chemical properties, e.g., steric hindrance or substances which 
make the use of descriptors inappropriate, e.g., surface activity, which makes both the measurement 
and use of log Kow inappropriate. 

5.3.1 Difficult substances 

210. Some chemical substances are difficult to test in aquatic systems and guidance has been 
developed to assist ill testing these matetials (DoE, 1996; ECETOC 1996; and US EPA 1996). 
OECD is in the process of finalising a guidance docmnent for the aquatic testing of diffic11lt 
substances (OECD, 2000). This latter document is a good source of information, also for 
bioconcentration studies, on the types of substances that are difficult to test and the steps needed to 
ensure valid conclusions from tests with these substances. Difficult to test substances may be poorly 
soluble, volatile, or subject to rapid degradation due to such processes as phototransformation, 
hydrolysis, oxidation, or biotic degradation. 

211. To bioconcentrate organic compounds, a substance needs to be soluble in lipids, present in 
the water, and available for transfer across the fish gills. Properties which alter tills availability will 
thus change the actual bioconcentration of a substance, when compared with the prediction. For 
example, readily biodegradable substances may only be present in the aquatic compartment for short 
periods of time. Similarly, volatility, and hydrolysis will reduce the concentration and the time 
during which a substance is available for bioconcentration. A further important parameter, which 
may reduce the actual exposure concentration of a substance, is adsorption, either to particulate 
matter or to surfaces in general. There are a number of substances, which have shown to be rapidly 
transformed in the organism, thus leading to a lower BCF value than expected. Substances that form 
micelles or aggregates may bioconcentrate to a lower extent than would be predicted from simple 
physico-chemical properties. This is also the case for hydrophobic substances that are contained in 
micelles formed as a consequence of the use of dispersants. Therefore, the use of dispersants in 
bioaccumulation tests is discouraged. 

212. In general, for difficult to test substances, measured BCF and K.w values- based on the 
parent substance - are a prerequisite for the determination of the bioconcentration potential. 
Furthermore, proper documentation of the test concentration is a prerequisite for the validation of 
the given BCF value. 

5.3.2 Poorly soluble and complex substances 

213. Special attention should be paid to poorly soluble substances. Frequently the solubility of 
these substances is recorded as less than the detection limit, which creates problems in interpreting 
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the bioconcentration potential. For such substances the bioconcentration potential should be based 
on experimental determination of log K.,,.. or QSAR estimations of log .l<.,w. 

214. When a multi-component substance is not fully soluble in water, it is important to attempt 
to identifY the components of the mixture as far as practically possible and to examine the 
possibility of determining its bioaccumulation potential using available information on its 
components. When bioaccumulating components constitute a significant part of the complex 
substance {e.g., more than 20% or for hazardous components an even lower content), the complex 
substance should be regarded as being bioaccumulating. 

5.3.3 High molecular weight substances 

215. Above certain molecular dimensions, the potential of a substance to bioconcentratc 
decreases. This is possibly due to stcric hindrance of the passage of the substance through gill 
membranes. It has been proposed that a cut-off limit of 700 for the molecular weight could be 
applied (e.g., European Commission, 1996). However, this cut-off has been subject to criticism and 
an alternative cut-off of 1000 has been proposed in relation to exclusion of consideration of 
substances with possible indirect aquatic effects (CSTEE, 1999). In general, bioconcentration of 
possible metabolites or environmental degradation products of large molecules should be 
considered. Data on bioconcentration of molecules with a high molecular weight should therefore 
be carefully evaluated and only be used if such data arc considered to be fully valid in respect to 
both the parent compound and its possible metabolites and environmental degradation products. 

5.3.4 Surface-active agents 

216. Surfactants consist of a lipophilic (most often an alkyl chain) and a hydrophilic part {the 
polar hcadgroup). According to the charge of the hcadgroup, smfactants arc subdivided into 
categories of anionic, cationic, non-ionic, or amphoteric surfactants. Due to the variety of different 
hcadgroups, surfactant-.; are a structurally diverse category of compounds, which is dcfmcd by 
surface activity rather than by chemical structure. The bioaccumulation potential of snrfactants 
should thus be considered in relation to the different subcategories (m1ionic, cationic, non-ionic, or 
amphotctic) instead of to the group as a whole. Surface-active substances may fonn emulsions, in 
which the bioavailability is difficult to ascertain. Micelle fonnation can result in a change of the 
bioavailable fraction even when the solutions are apparently formed, thus giving problems in 
interpretation of the bioaccumulation potential. 

Experimentally derived bioconcentrationjOctors 

217. Measured BCF values on surfactants show that BCF may increase with increasing alkyl 
chain length and be dependant of the site of attachment of the head group, and other structural 
features. 

Octanol-water-partition coefficient (Kow) 

218. The octanol-water pm.tition coefficient for surfactant~ can not be determined using the 
shake-flask or slow stirring method because of the formation of emulsions. In addition, the 
surfactant molecules will exist in the water phase almost exclusively as ions, whereas they will have 
to pair with a cornltcr-ion in order to be dissolved in octanol. Therefore, experimental dctemtination 
ofKow docs not characterise the pm.tition of ionic surfactants {Tolls, 1998). On the other hand, it has 
been shown that the bioconccntration of anionic and non-ionic snrfactants increases with increasing 
lipophilicity (Tolls, 1998). Tolls {1998) showed that for some surfactm1ts, an estimated log Kow 
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value using LOOK OW could represent the bioaccumulation potential; however, for other surfactants 
some 'correction' to the estimated log Kmv value using the method of Roberts (l989) was required. 
These results illustrate that lite quality of the relationship between log K..w estimates and 
bioconcentration depends on the category and specific type of surfactants involved. Therefore, the 
classification of the bioconcentration potential based on log Kow values should be used with caution. 

5.4 CONFLICTING DATA AND LACK OF DATA 

5.4.1 Conflicting BCJ7 data 

219. In situations where multiple BCF data are available for the same substance, the possibility 
of conflicting results might arise. In general, conflicting results for a substance, which has been 
tested several times with an appropriate bioconccntration test, should be interpreted by a "weight of 
evidence approach". This implies that if experimental determined BCF data, both;:: and< 500, have 
been obtained for a substance the data of the highest quality and with the best documentation should 
be used for determining the bioconcentration potential of the substance. If differences still remain, 
if e.g., high-quality BCF values for different fish species arc available, generally the highest valid 
value should be used as the basis for classification. 

220. When larger data sets (4 or more values) are available for the same species and life stage, 
the geometric mean of the BCF values may be used as the representative BCF value for that species. 

5.4.2 Conflicting log Ko,. data 

22l. The situations, where multiple log Kow data are available for the same substance, the 
possibility of conflicting results might arise. If log K.w data both ;?: and < 4 have been obtained for a 
substance, then the data of the highest quality and the best documentation should be used for 
detennining the biocoucentration potential of the substance. If differences still exist, generally the 
highest valid value should take precedence. In such situation, QSAR estimated log K.w could be 
used as a guidance. 

5.4.3 Expertjudgement 

222. If no experimental BCF or log ~<Cow data or no predicted log K.,..., data are available, the 
potential for bioconcentration in the aquatic environment may be assessed by expert judgement. 
This may be based on a comparison of the structure of the molecule with the structure of other 
substances for which experimental bioconcentration or log Kow data or predicted Kow are available. 

5.5 DECISION SCHEME 

223. Based on the above discussions and conclusions, a decision scheme has been elaborated 
which may facilitate decisions as to whether or not a substance has the potential for 
bioconcentration in aquatic species. 

224. Experin1cntally derived BCF values of high quality arc ultimately preferred for 
classification purposes. BCF values of low or uncertain quality should not be used for classification 
purposes if data on log K.w arc available because they may give a false and too low BCF value, e.g., 
due to a too short exposure period in which steady-state conditions have not been reached. If no 
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BCF is available for fish species, high quality data on the BCF for other species (e.g., mussels) may 
be used. 

225. For organic substances, expetimentally derived high quality K.:.w values, or values which 
are evaluated in reviews and assigned as the "recommended values", are preferred. If no 
experimentally data of high quality are available validated Quantitative Structure Activity 
Relationships (QSARs) for log Kow may be used in the classification process. Such validated 
QSARs may be used without modification in relation to the classification criteria, if restricted to 
chemicals for which their applicability is well characterised. For substances like strong acids and 
bases, metal complexes, and surface-active substances a QSAR estimated value of K,. or an 
estimate based on indivichml n-octanol and water solubilities should be provided instead of an 
analytical determination ofK.:.w· 

226. If data are available but not validated, expert judgement should be used. 

227. \\'11Cther or not a substance has a potential for bioconccntJ:ati.on in aquatic organisms could 
thus be decided in accordance with the following scl1cmc: 

Valid/high quality experimentally determined BCF value -7 YES: 
-7 BCF ~ 500: The substance has a potential for bioeoncentration 
7BCF < 500: The substance does not have a potentia/for bioconcentration 

Valid/high quality experimentally dctcnnined BCF value -7 NO: 
-7 Valid/high quality experimentally dctcn11incd log Kow value -7 YES: 
-7 log K.,w ~ 4: The substance has a potentia/for bioconcentration 
7 log K"'v < 4: The substance does not have a patentialfor bioconcentration 

Valid/high quality experin1entally determined BCF value -7 NO: 
7 Valid/high quality experimentally dctcnnincd log Kow value -7 NO: 
7 Use of validated QSAR for estimating a log K.,w value -7 YES: 
-7 log K.,w :2: 4: The substance has a potential jot· bioconcentratlon 
-7 log K,w < 4: The substance does not have a potential for bioconcentration 
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ANNEXS.I 

BASIC PRINCIPLES OF THE EXPERIMENTAL AND ESTIMATION METHODS FOR 
DETERMINATION OF BCF AND K0 ,, OF ORGANIC SUBSTANCES 

1. B!OCONCENTRATION FACTOR (BCF) 

228. The bioconcentration factor is defined as the ratio between the concentration of the 
chemical in biota and the concentration in the surrounding medium, here water, at steady state. BCF 
can be measured experimentally directly under steady-state conditions or calculated by the ratio of 
the first-order uptake and elimination rate constants, a method that docs not require equilibrium 
conditions. 

1.1 Appropriate methods for experimental determination of BCF 

229. Different test guidelines for the experimental determination of bioconccntration in fish 
have been documented and adopted; the most generally applied being the OECD test guideline 
(OECD 305, 1996) and the ASTM standard guide (ASTM E 1022-94). OECD 305 (1996) was 
revised and replaced the previous version OECD 305A-E, (1981). Although flow-through test 
regimes are preferred (OECD 305, 1996), semi-static regimes are allowed (ASTM E 1022-94), 
provided that the validity criteria on mortality and maintenance of test conditions are fulfilled. For 
lipophilic substances (log Kow > 3), flow-through methods are preferred. 

230. The principles of the OECD 305 and the ASTM guidelines are similar, but the 
experimental conditions described arc different, especially conceming: 

• method oftest water supply (static, semi-static or flow through) 
• the requirement for carrying out a depuration study 
• the mathematical method for calctJiating BCF 
• sampling frequency: Number of measurements iu water and number of samples of fish 
• requirement for mcastJring the lipid content of the fish 
• the minimum duration of the uptake phase 

231. In general, the test consists of two phases: The exposure (uptake) and post-exposure 
(depuration) phases. During the uptake phase, separate groups offish of one species are exposed to 
at least two concentrations of the test substance. A 28-day exposure phase is obligatory unless a 
steady state has been reached within this period. The time needed for reaching steady-state 
conditions may be set on the basis ofKow- k1 cone lations (e.g., log k2 = 1.47- 0.4llog Kow (Spacie 
and Hamelink, 1982) or log k2 = 1.69- 0.53 log Kow (Gobas et al., 1989)). The expected time (d) 
for e.g., 95% steady state may thus be calculated by: -ln(l-0.95)/k1, provided that the 
bioconcentration follows first order kinetics. During the depuration phase the fish arc transferred to 
a medium free of the test substance. The concentration of the test substance in the fish is followed 
through both phases of the test. The BCF is expressed as a function of the total wet weight of the 
fish. As for many organic substances, there is a significant relationship between the potential for 
bioconccntration and the lipophilicity, and furthermore, there is a corresponding relationship 
between the lipid content of the test fish and the observed bioconccntration of such substances. 
Therefore, to reduce this source of variability in the test results for the substances with high 
lipophilicity, bioconcentration should be expressed in relation to the lipid content in addition to 
whole body weight (OECD 305 (1996), ECETOC (1995)). The guidelines mentioned are based on 
the assumption that bioconcentration may be approximated by a first-order process (one­
compartment model) and thus that BCF = kr/k1 (k1: first-order uptake rate, k1: first-order depuration 
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rate, described by a log-linear approximation). lfthe depuration follows biphasic kinetics, i.e., two 
distinct depuration rates can be identified, the approximation k/k2 may significantly underestimate 
BCF. If a second order kinetic has been indicated, BCF may be estimated from the relation: 
CF1,t!Cwaten provided that "steady-state" for the fish-water system has been reached. 

232. Together with details of sample preparation and storage, an appropriate analytical method 
of known accuracy, precision, and sensitivity must be available for the quantification of the 
substance in the test solution and in the biological material. If these are lacking it is impossible to 
detctminc a true BCF. The use of radiolabellcd test substance can facilitate the analysis of water 
and fish samples. However, unless combined with a specific analytical method, the total 
radioactivity measurements potentially reflect the presence of parent substance, possible 
mctabolitc(s), and possible metabolised carbon, which have been incorporated in the fish tissue in 
organic molecules. For the determination of a true BCF it is essential to clearly discriminate the 
parent substance from possible metabolites. If radiolabclled materials arc used in the test, it L~ 
possible to analyse for total radio label (i.e., parent and metabolites) or the samples may be purified 
so that the parent compound can be analysed separately. 

233. In the log Kow range above 6, the measured BCF data tend to decrease with increasing log 
Kow· Conceptual explanations of non-linearity mainly refer to either biotransformation, reduced 
membrane permeation kinetics or reduced biotic lipid solubility for large molecules. Other factors 
consider experimental artefacts, such as equilibrium not being reached, reduced bioavailability due 
to sorption to organic matter in the aqueous phase, and analytical errors. Moreover, care should be 
taken when evaluating experimental data on BCF for substances with log Kow above 6, as these data 
will have a much higher level of uncertainty than BCF values determined for substances with log 
Kow below 6. 

2. LOGK.. 

234. The log n-octanol-water partition coefficient (log K.:.>v) is a measure of the lipophilicity of a 
substance. As such, log K.:.w is a key parameter in the assessment of environmental fate. Many 
distribution processes are driven by log K.,w, e.g., sorption to soil and sediment and bioconcentration 
in organisms. 

235. The basis for the relationship between bioconcentration and log K.,w is the analogy for the 
partition process between tlte lipid phase of fish and water and the partition process between n­
octanol and water. The reason for using Kow arises from the ability of octanol to act as a satisfactory 
surrogate for lipids in fish tissue. Highly significant relationships between log K.:.w and the solubility 
of substances in cod liver oil and triolin exist (Niimi, 1991). Triolin is otte of the most abundant 
triacylglyccrols found in freshwater fish lipids (Henderson and Tocher, 1987). 

236. The detctmination of the n-oetanol-watcr partition coefficient (K.,w) is a rcqnircment of the 
base data set to be submitted for notified new and priority existing substances within the EU. As. the 
experimental dctennination of the K.,w is not always possible, e.g., for very water-soluble and for 
very lipophilic substances, a QSAR derived K.:.w may be used. However, extreme caution should be 
exercised when using QSAR.s for substances where the experimental determination is not possible 
(as for e.g., smfactants). 

2.1 Appropriate methods for experimental determination ofKuw values 

237. For experimental detennination of K.:.w values, two different methods, Shake-flask and 
HPLC, have been described in standard guidelines e.g., OECD 107 (1995); OECD 117 (1983); EEC 
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A.S. (1992); EPA-OTS (1982); EPA-FIFRA (1982); ASTM (1993). Not only data obtained by the 
employment of the shake-flask or the HPLC method according to standard guidel.ines are 
recommended. For highly lipophilic substances, which are slowly soluble in water, data obtained by 
employing a slow-stirring method are generally more reliable (De Bruijn et af., 1989; Tolls and 
Sijm, 1993; OECD draft Guideline, 1998). The slow stirring method is currently being ringtested 
for de,•elopment of a final OECD guideline. 

Shake-:flask method 

238. Titc basic principle of the method is to measure the dissolution of the substance in two 
different phases, water and n-octanol. In order to detennine the partition coefficient, equilibrium 
betv.'een all interacting components of the system must be achieved after which the concentration of 
the substances dissolved in the two phases is detennined. The shake-flask method is applicable 
when the log~ value falls within the range from -2 to 4 (OECD 107, 1995). The shake-flask 
method applies only to essential pure substances soluble in water and n-octanol and should be 
performed at a constant temperature (±I 0 C) in the range 20-25°C. 

HPLC metltod 

239. HPLC is performed on analytical columns packed with a commercially available solid 
phase containing long hydrocarbon chains {e.g., C8, C 18) chemically bound onto silica. Chemicals 
irticctcd onto such a column move along at different rates because of the different degrees of 
partitioning between the mobile aqueous phase and the stationary hydrocarbon phase. The HPLC 
method is not applicable to strong acids and bases, metals complexes, smfacc-active illatclials, or 
substances that react with the eluent. The HPLC method is applicable when the log Kow value falls 
within the range 0 to 6 {OECD 117, 1989). The HPLC method is less sensitive to the prescuce of 
impllrities in the test compound compared to the shake-flask method. 

Slow stirring method 

240. With the slow-stirring method a precise and accurate determination of K,. of compounds 
with log Kow up till 8.2 is allowed (De Bmijn eta/., 1989). For highly lipophilic compounds the 
shake-flask method is prone to produce artefacts (formation of microdroplets), and with the HPLC 
method Kow needs to be extrapolated beyond the calibration range to obtain estimates of K.:.w-

241. lu order to determine a partition coefficient, water, n-octanol, and test compound are 
equilibrated with each other after which the couceutration ofthe test compound in the two phases is 
determined. The experimental difficulties associated with the fonnation ofmicrodroplcts during the 
shake-flask experiment can to some degree be overcome in the slow-stirring experiment as water, 
octanol, and the test compound are equilibrated in a gently stirred reactor. The stirring creates a 
more or less laminar flow between the octanol and the water, and exchange between the phases is 
enhanced wilhout microdroplets being formed. 

Generator Column Method 

242. Another very versatile method for measuring log Kow is the generator column method. In 
this method, a generator column method is used to partition the test substance between the octanol 
and water phases. The column is packed with a solid support and is saturated with a fixed 
concentratiou of 1he test substance in n-octanol. The test substance is eluted from the octanol -
saturated generator column with water. The aqueous solution exiting the column represents the 
equilibrium concentratiou of the test substauce that has partitioned from the octanol phase into the 
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water phase. The primary advantage of the generator column method over the shake flask method is 
that the former completely avoids the fonnation of micro-emulsions. Therefore, this method is 
particularly useful for measuring .~Cow for substances values over 4.5 (Doucette and Andren, 1987 
and 1988; Shiu et a!., 1988) as well as for substances having log Kow values less than 4.5. A 
disadvantage of the generator column method is that it requires sophisticated equipment. A detailed 
description of the generator column method is presented in the "Toxic Substances Control Act Test 
Guidelines" (US EPA 1985). 

2.2 Use ofQSARs for determination of log K",.. (see also Chapter 6: Use of QSARs) 

243. Numerous QSARs have been and continue to be developed for the estimation of Kow· 
Commonly used methods arc based on fragment constants. The fragmental approaches are based on 
a simple addition of the lipophilieitY of the individual molecular fragments of a given molecule. 
Three commercially available PC programs are recorrunended in the European Conm1ission's 
Technical Guidance Document (European Commissim1, 1996) for risk assessme11t, part Til, if no 
experimentally derived data are available. 

244. CLOGP (Daylight Chemical Information Systems, 1995) was initially developed for use in 
drug design. The model is based on the Hansch and Leo calculation procedure (Hansch and Leo, 
1979). The program calculates log I<.,,. for organic compounds containing C, H, N, 0, Hal, P, 
and/or S. Log Kow for salts and for compounds with formal charges cannot be calculated (except for 
nitro compounds and nitrogen oxides). The calculation results of log Kow for ionizable substances, 
like phenols, amines, and carboxylic acids, represent the neutral or unionised fo1m and will be pH 
dependent. In general, the program results in clear estimates in the range of log Kow between 0 and 
5 (European Commission, 1996, part Ill). However a validation study performed by Niemela 
(1993), who compared experimental determined log K,,. values with estimated values, showed that 
the program precisely predicts the log Kow for a great number of organic chemicals in the log K.w 
range from below 0 to above 9 (n=50 I, r2=0.967). In a similar validation study on more than 7000 
substances the results with the CLOGP-program (PC version 3.32, EPA version 1.2) were r2= 0.89, 
s.d.= 0.58, n= 7221. These validations show that the CLOGP-program may be used for estimating 
reliable log Kow values when no experimental data arc available. For chclating compounds and 
swfactants the CLOGP program is stated to be of limited reliability (OECD, 1993). However, as 
regards anionic surfactants (LAS) a correction method for estimating adjusted CLOGP values has 
been proposed (Roberts, 1989). 

245. LOGKOW or KOWWIN (Syracuse Research Corporation) 11scs structural fragments and 
CO!rection factors. The program calcn!ates log Kow for organic compounds containing the following 
atoms: C, H, N, 0, Hal, Si, P, Se, Li, Na, K, and/or Hg. Log Kow for compounds with fonnal 
charges (like nitrogeuoxides and nitro compounds) can also be calculated. The calculation of log 
Kow for ionizable substances, like phenols, amines and carboxylic acids, represent the neutral or 
unionised fmm, and the values will thus be pH dependent. Some surfactants (e.g., alcohol 
cthoxylates (Tolls, 1998), dyestuffs, and dissociated substances may be predicted by the LOGKOW 
program (Pedersen eta/, 1995). In general, the program gives clear estimates in the range of log 
Kow between 0 and 9 (TemaNord 1995:581). Like the CLOGP-program, LOGKOW has been 
validated (Table 2) and is recommended for classification purposes because of its reliability, 
commercial availability, and convenience of use. 

246. AUTOLOGP (Devillers et a!., 1995) has been derived from a heterogeneous data set, 
comprising 800 organic chemicals collected from literature. The program calculates log Kw values 
for organic chemicals containing C, H, N, 0, Hal, P, and S. The log Kow values of salts cannot be 
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calculated. Also the log -K.w of some compounds with fonnal charges cannot be calculated, with the 
exception of nitro compounds. The log Kow values of ionizable chemicals like phenols, amines, and 
carboxylic acids can be calculated although pH-dependencies should be noted. Improvements are in 
progress in order to extend the applicability of AUTOLOGP. According to the presently available 
information, AUTO LOOP gives accurate values especially for highly lipophilic substances (log~ 
> 5) (European Commission, 1996). 

24 7. SPARC. The SPARC model is still under development by EPA's Euvironmental Research 
Laboratory in Athens, Georgia, and is not yet public available. SPARC is a mechanistic model 
based on chemical them1odynamic principles rather than a deterministic model rooted in knowledge 
obtained from observational data. Therefore, SPARC differs from models that use QSARs (i.e., 
KOWWIN, LOGP) in that no measured log Kow data are needed for a training set of chemicals. 
EPA docs occasionally run the model for a list of CAS numbers, if requested. SPARC provides 
improved results over KOWWIN and CLOGP only for compounds with log Kow values greater than 
5. Only SPARC can be employed in a geacral way for inm-ganic or organometallic compounds. 

248. In Table 2 an overview of log Kow estimation methods based on fragmentation 
methodologies is presented. Also other methods for the estimation of log Kow values exist, but they 
~hould only be used on a case by case basis and only with appropriate scientific justification. 

!95 



335

ENV/JMJMON0(2001)6 

Table 2 Overview of QSAR methods for estimation of log Kow based on fragmentation 
methodologies (Howard and Meylan (1997)). 

Method Methodology Statistics 
CLOGP Fragments+ correction Total n 8942, r2 0,917 sd 0,482 
Hansch and Leo factors Validation: n=50! r2""0,967 
(1979), CLOGP Validation: n=7221 r2=0,89 sd = 0,58 
Daylight(l995) 
LOGKOW J 40 fragments Calibration: n-2430, r2-0,98! sd- 0,219 mc-0,161 
(KOWWIN) 260 correction factors Validation: n""8855 r2=0,95 sd = 0,427 me- 0,327 
Mcylan and Howard 
(1995), SRC 
AUTOLOGP 66 atomic and group Calibration: n 800, r2 0,96 sd 0,387 
Devillers et al. (1995) contributions from 

Rekker and Manhold 
1992) 

SPARC Based upon fundamental No measured log Kow data are needed for a training 
Under development chemical structure set of chemicals. 
by EPA, Athens, algmithm. 
Georgia. 
Rekker and De Kort Fragments+ correction Calibration n 1054, r2 0,99 

lrl979) factors Validation: n=20 r2:o:=Q,917 sd = 0,53 me= 0,40 
Niemi et al. (1992) MCI Calibration n-2039, r2~,77 

Validation: n=2039 r2"=0 49 
K!opman eta! (1994) 98 fragments + Calibration n 1663, r2 0,928 sd 0,3817 

correction factors 
Suzuki and Kudo 424 fragments Total: n=1686 me 0,35 
(1990) Validation: u=221 me= 0,49 
Ghose et al. ( 1988) II 0 fragments Calibration: n-830, r2 0,93 sd 0,47 
ATOMLOGP Validation: n=125 r2:o:=Q,87 sd = 0,52 

I ~odor and Huang Molecule orbital Calibration: n-302, r2-0,96 sd- 0,31 me~,24 
1992) Validation: n=l28 sd = 0,38 

Broto et al. ( 1984) 110 fragments Calibration: n 1868, me ca. 0,4 
ProLogP 
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ANNEXS.II 

INFLUENCE OF EXTERNAL AND INTERNAL FACfORS ON THE 
BIOCONCENTRA TION POTENTIAL OF ORGANIC SUBSTANCES 

1. FACTORS INFLUENCING THE UPTAKE 

249. The uptake rate for lipophilic compounds is mainly a function of the size of the organism 
(Sijm and Linde, 1995). External factors such as the molecular size, factors influencing the 
bioavailability, and different environmental factors are of great importance to the uptake rate as 
well. 

1.1 Size of organism 

250. Since larger fish have a relatively lower gill surface to weight ratio, a lower uptake rate 
constant (k1) is to be expected for large fish compared to small fish (Sijm and Linde, 1995; 
Opperhuizcn and Sijm, 1990). The uptake of stJbstanccs in fish is further controlled by the water 
flow through the gills; the diffusion through aqueous diffusion layers at the gill epithelium; the 
pcnncation through the gill epithelium; the rate of blood flow through the gills, and the binding 
capacity ofblood constituents (ECETOC, 1995). 

1.2 Molecular size 

251. Ionised substances do not readily penetrate membranes; as aqueous pH can influence the 
substance uptake. Loss of membrane penncability is expected for substances with a considerable 
cross-sectional area (Opperhuizen e/ a/., 1985; Anliker el a!., 1988) or long chain length(> 4.3 run) 
(Opperhuizen, 1986). Loss of membrane penneability due to the size of the molecules will thus 
result in total loss of uptake. The effect of molecular weight on bioconcentration is due to an 
influence on the diffusion coefficient of the substance, which reduces the uptake rate constants 
(Gobas eta!., 1986). 

1.3 Availability 

252. Before a substance is able to bioconccntrate in an organism it needs to be present in water 
and available for transfer across fish gills. Factors, which affect this availability under both natural 
and test conditions, will alter the actual bioconccntration in comparison to the estimated value for 
BCF. As fish arc fed during bioconcentration studies, relatively high concentrations of dissolved 
and particulate organic matter may be expected, thus reducing the fraction of chemical that is 
actually available for direct uptake via the gills. McCarthy and Jimenez (1985) have shown that 
adsorption of lipophilic substances to dissolved humic materials reduces the availability of the 
substance, the more lipophilic the substance the larger reduction in availability (Schrap and 

. Opperhuizen, 1990). Furthennore, adsorption to dissolved or particulate organic matter or surfaces 
in general may interfere during the measurement of BCF (and other physical-chemical properties) 
and thus make the detennination ofBCF or appropriate descriptors difficult. As bioconcentration in 
fish is directly correlated with the available fraction of the chemical in water, it is necessary for 
highly lipophilic substances to keep the available concentration of the test chemical within relatively 
narrow limits during the uptake period. 

253. Substances, which are readily biodegradable, may only be present in the test water for a 
sho11 period, and bioconcentration of these substances may thus be insignificant. Similarly, 
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volatility and hydrolysis will reduce the concentration and time in which the substance is available 
for bioconcentration. 

1.4 Environmental factors 

254. Environmental parameters infhJCncing the physiology of the organism may also affect the 
uptake of substances. For instance, when the oxygen content of the water is lowered, fish have to 
pass more water over their gills in order to meet respiratory demands (McKim and Goeden, 1982). 
However, there may be species dependency as indicated by Opperhuizen and Schrap ( 1987). It has, 
furthermore, been shown that the temperature may have an influence on the uptake rate constant for 
lipophilic substances (Sijm eta!. 1993), whereas other authors have not found any consistent effect 
of temperature changes (Black et at. 1991). 

2 FACTORS INFLUENCING THE ELIMINATION RATE 

255. The elimination rate is mainly a function of the size of the organism, the lipid content, the 
biotransfommtion process of the organism, and the lipophilicity of the test compound. 

2.1 Size of organism 

256. As for the uptake rate the elimination rate is dependent on the size of the organism. Due to 
the higher gill surface to weight ratio for small organisms (e.g., fish larvae) than that of large 
organisms, steady-state and thus "toxic dose equilibrium" has shown to be reached sooner in early 
life stages than in juvenile/adult stages of fish (Petersen and Kristensen, 1998). As the time ueeded 
to reach steady-state conditions is dependent on k2, the size of fish used in bioconce!ltration studies 
has thus an important bearing on the time required for obtaining steady-state conditions. 

2.2 Lipid content 

257. Due to partitioning relationships, organisms with a high fat content tend to accumulate 
higher concentrations of lipophilic substances than leau orgauisms under steady-state conditions. 
Body burdens are therefore often higher for "futty" fish such as eel, compared to "lean" fish such as 
cod. In addition, lipid "pools" may act as storage of highly lipophilic substances. Starvation or other 
physiological changes may change the lipid balance and release such substances and result in 
delayed impacts. 

2.3 Metabolism 

258. In general, metabolisn1 or biotransformation leads to the conversion of the parent 
compmmd into more water-soluble metabolites. As a result, the more hydrophilic metabolites may 
be more easily excreted from the body than the parent compound. When the chemical structure of a 
compound is altered, many properties of the compound are altered as well. Consequently the 
metabolites will behave differently within the organism with respect to tissue distribution, 
bioaccumulation, persistence, and route and rate of excretion. Biotransfonnation may also alter the 
toxicity of a compound. This change ill toxicity may either be beneficial or lmnnful to the 
organism. Biotransfonnation may prevent the concentration in the organism from becoming so high 
that a toxic response is expressed (detoxification). However, a metabolite may be formed which is 
more toxic than the parent compound (bioactivation) as known for e.g., benzo(a)pyrene. 

259. Terrestrial organisms have a developed biotransformation system, which is generally 
better than that of organisms living in the aquatic environment. The reason for this difference may 
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be the fact that biotransformation of xenobiotics may be of minor importance in gill breathing 
organisms as they can relatively easily excrete the compound into the water (Van Den Berg eta!. 
1995). Concerning the biotransformation capacity in aquatic organisms the capacity for 
biotransformation of xenobiotics increases in general as follows: Molluscs < crustaceans < fish 
(Wofford eta!., 1981). 

3. LIPOPHILICITYOFSUBSTANCE 

260. A negative linear correlation between k2 (depuration constant) and log Kow (or BCF) has 
been shown in fish by several authors (e.g., Spacie and Hamelink, !982; Gobas et al., 1989; 
Petersen and Kristensen, 1998), whereas k1 (uptake rate constant) is more or less independent of the 
lipophilicity of the substance (Connell, 1990). The resultant BCF will thus generally increase with 
increasing Upophilicity of the substances, i.e., log BCF and log Kow con·elate for substances which 
do not undergo extensive metabolism. 
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ANNEXS.IH 

TEST GUIDELJNES 

261. Most of the guidelines mentioned are found in compilations from the organisation issuing 
them. The main references to these are: 

• EC f,>Uidclincs: European Commission (1996). Classification, Packaging and Labelling 
of Dangerous Substances in the European Union. Part 2- Testing Methods. European 
Commission. 1997. 1SBN92-828-0076-8. (Homepage: http://ecb.ei.irc.it/testing­
methodsQ; 

• ISO guidelines: A vail able from the national standardisation organisations or ISO 
(Homepagc: http://www.iso.ch!); 

• OECD guidelines for the testing of chemicals. OECD. Paris. 1993 with regular 
updates (Homepage: http://www.oecd.org/ehs/test/testlist.htm); 

• OPPTS &•uidelines: US-EPA's homcpagc: 
http://www.epa.gov/opptsfrs/home/guidelin.htm; 

• ASTM: ASTM's homepage: http:llwww.astm.org. Further search via "standards". 

ASTM, 1993. ASTM Standards on Aquatic Toxicology and Hazard Evaluation. Sponsored by 
ASTM Committee E47 on Biological Effects and Environmental Fate. American Society for 
Testing and Materials. 1916 Race Street, Philadelphia, PA 19103. ASTM PCN: 03-547093-16., 
ISBN 0-8032-1778-7. 

ASTM E 1022-94. 1997. Standard Guide for Conducting Bioconcentration Tests with Fishes and 
Saltwater Bivalve Molluscs. American Society for Testing and Materials. 

EC, 1992. EC A.S. Partition coefficient. Annex V (Directive 67/548/EEC). Methods for 
determination of physico-chemical properties, toxicity and ccotoxicity. 

EC, 1998. EC.C.13 Bioconcentration: Flow-tlu·ough Fish Test. 

EPA-OTS, 1982. Guidelines and support docwnents for environmental effects testing. Chemical fate 
test guidelines and support documents. United States Enviromnental Protection Agency. Office of 
Pesticides and Toxic Substances, Washington, D.C. 20960. EPA 560/6-82-002. (August 1982 and 
11pdates), cf. also Code of Federal Regulations. Protection of the Environment Prut 790 to End. 
Revised as of July 1, I993. ONLINE information regarding the latest updates of these test 
guidelines: US National Technicallnfonmtion System. 

EPA-FIFRA, 1982. The Federal Insecticide, Fungicide and Rodenticide Act. Pesticide Assessment 
Guidelines, sulxlivision N: chemistry: Environmental fate, and subdivision E, J & L Hazard 
Evaluation. Office of Pesticide Programs. US Environmental Protection Agency, Washington D.C. 
(1982 and updates). ONLINE information regarding the latest updates of these test guidelines: US 
National Technical Information System. 

OECD Test Guideline 107, 1995. OECD Guidelines for testing of chemicals. Partition Coefficient 
(n-octanol/water): Shake Flask Method. 

OECD Test Guideline 117, 1989. OECD Guideline for testing of chemicals. Partition Coefficient (n­
octanol/water), High Performance Liquid Chromatograplty (HPLC) Method. 

OECD Test Guideline 305, 1996. Bioconcentration: Flow-through Fish Test. OECD Guidelines for 
testing of Chemicals. 

OECD Test Guidelines 305 A-E, 1981. Bioaccumulation. OECD Guidelines for testing of 
chemicals. 

OECD draft Test Guideline, 1998. Prutition Coefficient n-Octanol/Water Pow· Slow-stirring method 
for highly hydrophobic chemicals. Draft proposal for an OECD Guideline for Testing of Chemicals. 
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6. USE OF QSAR 

6.1 HISTORY 

262. Quantitative Strncturc~Activity Relationships (QSAR) in agnatic toxicology can be traced 
to the work at the turn of the century of Overton in ZUrich (Lipnick, 1986) and Meyer in Marburg 
(Lipnick, I989a). They demonstrated that the potency of substances producing narcosis in tadpoles 
and small fish is in direct proportion to their partition coefficients measured between olive oil and 
water. Overton postulated in his 1901 monograph "Studicn tiber die Narkose," that this con·elation 
reflects toxicity taking place at a standard molar concentration or molar volume within some 
molecular site within the organism (Lipnick. 199la). In addition, he concluded that this corresponds 
to the same concentration or volume for a various organisms, regardless of whether uptake is from 
water or via gaseous inhalation. This correlation became known in anaesthesia as the Meyer­
Overton theory. 

263. Corwin Hansch and co-workers at Pomona College proposed the use ofn-octanol/water as 
a standard partitioning system, and found that these partition coefficients were an additive, 
constitutive property that can be directly estimated from chemical structure. In addition, they found 
that regression analysis could be used to derive QSAR models, providing a statistical analysis of the 
findings. Using this approach, in 1972 these workers reported 137 QSAR models in the form log 
(1/C) = A log Kow + B, where Kow is the n-octanol/water partition coefficient, and C is the molar 
concentration of a chemical yielding a standard biological response for the effect of simple non­
electrolyte non-reactive organic compounds on whole animals, organs, cells, or even pure enzymes. 
Five of these equations, which relate to the toxicity of five simple monohydric alcohols to five 
species of fish, have almost identical slopes and intercepts that arc in fact virtually the w.me as those 
found by KOnemann in 1981, who appears to have been unaware of Hansch's earlier work. 
KOncmann and others have demonstrated that such simple non-reactive non-electrolytes all act by a 
narcosis mechanism in an acute fish toxicity test, giving rise to minimum or baseline toxicity 
(Lipnick, 1989b). 

6.2 EXPERIMENTAL ARTIFACTS CAUSING UNDERESTIMATION OF HAZARD 

264. Ot11cr non-electrolytes can be more toxic than predicted by such a QSAR, but not less 
toxic, except as a result of a testing artefact Such testing artefacts include data obtained for 
compounds such as hydrocarbons which tend to volatilise during the experiment, as well as very 
hydrophobic compounds for which the acute testing duration may be inadequate to achieve steady 
state equilibriwn partitioning between the concentration in the aquatic phase (aquariwn test 
solution), and the internal hydrophobic site of narcosis action. A QSAR plot of log Kow vs log C for 
such simple non-reactive non-electrolytes exhibits a linear relationship so long as such equilibrium 
is established within the test duration. Beyond this point, a bilinear relationship is observed, with 
the most toxic chemical being the one with the highest log Kow value for which such equilibrium is 
established (Lipnick, 1995). 

265. Another testing problem is posed by water solubility cut-off. If the toxic concentration 
required to produce the effect is above the compound's water solubility, no effect will be observed 
even at water saturation. Compounds for which the predicted toxic concentration is close to water 
solubility will also show no effect if the test duration is insufficient to achieve equilibrium 
partitioning. A similar cut-off is observed for surfactants if toxicity is predicted at a concentration 
beyond the critical micelle concentration. Although such compounds may show no toxicity under 
these conditions when tested alone, their toxic contributions to mixtures are still present. For 
compounds with the same log Kow value, differences in water solubility reflect differences in 
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enthalpy of fusion related to melting point. Melting point is a reflection of the degree of stability of 
the crystal lattice and is controlled by intermolecular hydrogen bonding, lack of conformational 
flexibility, and symmetry. The more highly symmetric a compound, the higher the melting point 
(Lipnick, 1990). 

6.3 QSAR MODELLING ISSUES 

266. Choosing an appropriate QSAR implies that the model will yield a reliable prediction for 
the toxicity or biological activity of an untested chemicaL Gencmily speaking, reliability dccrca~cs 
with increasing complexity of chemical structure, unless a QSAR has been derived for a narrowly 
defined set of chemicals similar in stmcturc to the candidate substance. QSAR models derived from 
nanuwly defined categories of chemicals are colllmonly employed in the development of 
pharmaceuticals once a new lead compound is identified and there is a need to make minor 
structural modifications to optimise activity (and decrease toxicity). Overall, the objective is make 
estimates by interpolation rather than extrapolation. 

267. For example, if 96-h LC50 test data for fathead minnow arc available for ethanol, n­
butanol, n-hexanol, and n-nonanol, we have some confidence in making a prediction fm- this 
endpoint for n-propanol and n-pcntanol. In contrast, we would have less confidence in making such 
a prediction for methanol, which is an extrapolation, with fewer carbon atoms than any of the tested 
chemicals. In fact, the behaviour of the first member of such a homologous is typically the most 
anomalotJs, and sh01lid not be predicted using data from remaining members of the series. Even the 
toxicity of branched chain alcohols may be an unreasonable extrapolation, depending upon the 
endpoint in question. Such extrapolation becomes more unreliable to the extent that toxicity is 
related to production of metabolites for a particular endpoint, as opposed to the properties of the 
parent compound. Also, if toxicity is mediated by a specific receptor binding mechanism, dramatic 
effects may be observed with small changes in chemical structure. 

268. What ultimately governs the validity of such predictions is the degree to which the 
compounds used to derive the QSAR for a specific biological endpoint, are acting by a common 
molecular mechanism. In many and perhaps most cases, a QSAR does not represent such a 
mechanistic model, but merely a correlative one. A truly valid mechanistic model must be derived 
from a series of chemicals all acting by a common molecular mechanism, and fit to an equation 
using one or more parameters that relate directly to one or more steps of the mechanism in question. 
Such parameters or properties are more generally known as molecular descriptors. It is also 
important to keep in ntind that many such molecular descriptors in common 11se may not have a 
direct physical interpretation. For a correlative model, the statistical fit of the data are likely to be 
poorer than a mechanistic one given these limitations. Mechanisms arc not necessarily completely 
understood, but enough infonnation may be known to provide confidence in Utis approach. For 
correlative models, the predictive reliability increases with the narrowness with which each is 
defined, e.g., categories of electrophilcs, such as acrylatcs, in which the degree of reactivity may be 
similar and toxicity can be estimated for a "new" chemical using a model based solely on the log 
K.,,.. parameter. 

269. As an example, primary and secondary alcohols containing a d011blc or h·iplc bond that is 
conjugated with the hydroxyl function (i.e., ally lie or propargylic) arc more toxic than would be 
predicted for a QSAR for the con-csponding saturated compounds. This bcltavionr has been 
ascribed to a proelcctrophilc mechanism involving metabolic activation by the ubiquitous enzyme 
alcohol dehydrogenase to the corresponding a,P-unsatmated aldehydes and ketones which can act as 
clcctrophiles via a Michael-type acceptor mechanism (Veith eta!., 1989). In the presence of an 
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alcohol dehydrogenase inhibitor, these compounds behave like other alcohols and do not show 
excess toxicity, consistent with the mechanistic hypothesis. 

270. The situation quickly becomes more complex once one goes beyond such a homologous 
series of compoW1ds. Consider, for example, simple benzene derivatives. A series of 
chlorobenzenes may be viewed as similar to a homologous series. Not much difference is likely in 
the toxicities of the three isomeric dichlorobenzenes, so that a QSAR for chlorobenzenes based upon 
test data for one of these isomers is likely to be adequate. What about the substitution of other 
functional groups on benzene ring? Unlike an aliphatic alcohol, addition of a hydroxyl functionality 
to a benzene ring produces a phenol which is no longer neutral, but an ionizable acidic compound, 
due to the resonance stabilisation of the resulting negative charge. For this reason, phenol docs not 
act as a true narcotic agent. With the addition of electron withdrawing substitucnts to phenol (e.g., 
chlorine atoms), there is a shift to these compounds acting as uncol1plcrs of oxidative 
phospho1ylation (e.g., the herbicide dinoscb). Substitution of an aldehyde group leads to increa<;ed 
toxicity via an electrophilc mechanism for such compounds react with amino groups, such as the 
lysine e-amino group to produce a Schiff Base adduct. Similarly. a benzylic chloride acts as an 
clectrophile to form covalent abducts with sulfhydryl groups. In tackling a prediction fur an 
tmtcstcd compound, the chemical reactivity of these and many other functional groups and their 
interaction with one another should be carefully studied, and attempts made to document these from 
the chemicalliteranirc (Lipnick, 199lb). 

271. Given these limitations in using QSARs for making predictions, it is best employed as a 
means of establishing testing priorities, rather than as a means of substituting for testing, unless 
some mechanistic information is available on the untested compound itself. In fact, the inability to 
make a prediction along with known environmental release and exposure may in itself be adequate 
to trigger testing or the development of a new QSAR for a category of chemicals for which such 
decisions are needed. A QSAR model can be derived by statistical analysis, e.g., regression analysis, 
from such a data set. The most corrunonly employed molecular descriptor, log Kow. may be tried as a 
first attempt. 

272. By contrast, derivation of a mechanism based QSAR model requires an understanding or 
working hypothesis of molecular mechanism and what parameter or parameters would appropriately 
model these actions. It is important to keep in mind that this is different from a hypothesis 
regarding mode of action, which relates to biological/physiological response, but not molecular 
mechanism. 

6.4 USE OF QSARs IN AQUATIC CLASSIFICATION 

273. The following inherent properties of substances are relevant for classification purposes 
conccming the aquatic environment: 

• pattition coefficient n-octanol-watcr log Kow; 
• bioconcentration factor BCF; 
• degradability - abiotic and biodegradation; 
• acute aquatic toxicity for tish, daphnia and algae; 
• prolonged toxicity for fish and daphnia. 

274. Test data always take precedence over QSAR predications, providing the test data are 
valid, with QSARs used for filling data gaps for purposes of classification. Since the available 
QSARs are of varying reliability and application range, different restrictions apply for the prediction 
of each of these endpoints. Nevertheless, if a tested compound belongs to a chemical category or 
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structure type (see above) for which there is some confidence in the predictive utility of the QSAR 
model, it is worthwhile to compare this prediction with the experimental data, as it is not unusual to 
use this approach to detect some of the experimental artefacts (volatilisation, insufficient test 
duration to achieve equilibrium, and water solubility cut-ofl) in the measured data, which would 
mostly result in classifYing substances as lower than actual toxicity. 

275. When two or more QSARs are applicable or appear to be applicable, it is useful to 
compare the predictions of these various models in the same way that predicted data should be 
compared with measured (as discussed above). If there is no discrepancy between these models, the 
result provides encoumgement of the validity of the predictions. Of course, it may also mean that 
the models were all developed using data on similar compounds and statistical methods. On the 
other hand, if the predictions arc quite different, this result needs to be examined further. There is 
always the possibility that none of the models used provides a valid prediction. As a first step, the 
structures and properties of the chemicals used to derive each of the predictive models should be 
examined to determine if any models arc based upon chemicals similar in both of these respects to 
1he one for which a prediction is needed. If one data set contains such an appropriate analogue used 
to derive the model, the measured value in the database for that componnd vs model prediction 
should be tested. If the results fit well with the overall model, it is likely the most reliable one to 
usc. Likewise, if none of the models contain test data for such an analogue, testing of the chemical 
in question is rcconm1endcd. 

276. The U.S. EPA has recently posted a draft document on its website "Development of 
Chemical Categories in the HPV Challenge Program," that proposes the use of chemical categories 
to" ... voluntarily compile a Screening Information Data Set (SillS) on all chemicals on the US HPV 
Jist ... [to provide] basic screening data needed for an initial assessment of the physicochemical 
properties, environmental fate, and human and environmental effects of chemicals" (US EPA, 
1999). This list consists of " ... about 2,800 HPV chemicals which were reported for the Toxic 
Substances Control Act's 1990 Inventory Update Rule (IUR)''. 

277. One approach being proposed " ... where this is scientifically justifiable ... is to consider 
closely related chemicals as a group, or category, rather than test them as individual chemicals. In 
the category approach, not every chemical needs to be tested for every SIDS endpoint". Such 
limited testing could be justified pro\'iding that the " ... fmal data set must allow one to assess the 
untested endpoints, ideally by interpolation [emphasis added here] between and among the category 
members." The process for defining such categories and in the development of such data are 
described in the proposaL 

278. A second potentially less data intensive approach being considered (US EPA, 2000a) is" ... 
applying SAR principles to a single chemical that is closely related to one or more better 
characterised chemicals ("analogs")." A third approach proposed consists of using " ... a 
combination of the analogue and category approaches ... [for] individual chemicals ... [similar to 
that] used in ECOSAR (US EPA, 2000b), a SAR-bascd computer program that generates 
ecotoxicity values.". l11e document also details the history of the usc of SARs within the U.S. EPA 
new chemicals program, and how to go about collecting and analysing data for the sake of such 
SAR approaches. 

279. l11c Nordic Council of Ministers iss\led a report (Pederson et al., 1995) entitled 
"Environmental Hazard Classification," that incl\ldes infonnation on data collection and 
interpretation, as well as a section (5.2.8) entitled "QSAR estimates of water solubility and acute 
aquatic toxicity". This section aL<;o discusses the estimation of physicochemical properties, 
including log K,w. For the sake of classification purposes, estimation methods are recommended for 
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prediction of "minimum acute aquatic toxicity," for " ... neutral, organic, non-reactive and non­
ionizable compounds such as alcohols, ketones, ethers, alkyl, and aryl halides, and can also be used 
for aromatic hydrocarbons, halogenated aromatic and aliphatic hydrocarbons as well as sulphides 
and disulphides," as cited in an earlier OECD Guidance Document (OECD, 1995). The Nordic 
document also includes diskettes for a computerised application of some of these methods. 

280. The European Centre for Ecotoxicology and Toxicology of Chemicals (ECETOC) has 
published a report entitled "QSARs in the Assessment of the Environmental Fate and Effects of 
Chemicals," which describes the usc of QSARs to " ... check the validity of data or to fill data gaps 
for priority setting, risk assessment and classification" (ECETOC, 1998). QSARs are described for 
predicting environmental fate and aquatic toxicity. The rep01t notes that "a consistent dataset for 
[an endpoint] covered ... for a well defined scope of chemical structures ("domain") [is needed] ... 
from which a training set is developed. The document also discusses the advantage of mechanism 
based models, the usc of statistical analysis in the development of QSARs, and how to assess 
"outliers". 

6.4.1 Partition coefficient n-octanol-water log Kon· 

281. Computerised methods such as CLOGP (US EPA, 1999), LOGKOW (US EPA, 2000a) 
and SPARC (US EPA. 2000b) arc available to calculate log Kow directly from chemical stmcture. 
CLOGP and LOGKOW arc based upon the addition of group contributions, while SPARC is based 
upon a more fundamental chemical structure algorithm. Caution should be used in using calclliated 
values for compounds that can 1mdcrgo hydrolysis in water or some other reaction, since these 
transformations need to be considered in the interpretation of aquatic toxicity test data for such 
reactive chemicals. Only SPARC can be employed in a general way for inorganic or organometallic 
compounds. Special methods are needed in making estimates of log Kow or aquatic toxicity for 
surface-active compounds, chelating compounds, and mixtures. 

282. Log Kow values can be calculated for pentachlorophenol and similar compounds, both for 
the ionised and unionised (neutral) forms. T11esc values can potentially be calculated for certain 
reactive molecules (e.g., benzotrichloride), but the reactivity and subsequent hydrolysis also need to 
be considered. Also, for such ionizable phenols, pKa is a second parameter. Specific models can be 
used to calculate log Kow values for organometallic compounds, but they need to be applied with 
caution since some of these compounds really exist in the f01m of ion pairs in water. 

283. For compounds of extremely high lipophilicity, measurement<; np to about 6 to 6.5 can be 
made by shake flask, and can be extended up to about log Kow of 8 using the slow stirring approach 
(Bruijn eta/., 1989). Calculations are considered useful even in extrapolating beyond what can be 
mcasmcd by either of these methods. Of course, it should be kept in mind that if the QSAR models 
for toxicity, etc. arc based on chemicals with lower log Kow values, the prediction itself will also be 
an extrapolation; in fact, it is known that in the case of bioconcentration, the relationship with log 
K.w becomes non-linear at higher values. For compounds ·with low log Kow values, the group 
contribution can also be applied, but this is not very useful for hazard purposes since for such 
substances, particularly with negative log K.w values, little if any partitioning can take place into 
lipophilic sites and as Overton reported, these substances produce toxicity through osmotic effects 
(Lipnick, 1986). 

6.4.2 Bioconcentration factor BCF 
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284. If experimentally detennined BCF values are available, these values should be used for 
classification. Bioconcentration measurements must be perfomted using pure samples at test 
concentrations within water solubility, and for an adequate test duration to achieve steady state 
equilibrium between the aqueous concentration and that in the fish tissue. Moreover, with 
bioconcentration tests of extended duration, the correlation with Jog .K.w levels off and ultimately 
decreases. Under enviromnental conditions, bioconceutration of highly lipophilic chemicals takes 
place by a combination of uptake from food and water, with the switch to food taking place at 
log Kow ~ 6. Otherwise log K,w values can be used with a QSAR model as a predictor of the 
bioaccumulation potential of organic compounds. Deviations from these QSARs tend to reflect 
differences in the extent to which the chemicals undergo metabolism in the fish. Thus, some 
chemicals, such as phthalate, can bioconccntratc significantly less than predicted for this reason. 
Also, caution should be applied in comparing predicted BCF vah!Cs with those using radiolabclcd 
compounds, where the tissue concentration thus detected may represent a mix of parent compound 
and metabolites or even covalently botmd parent or metabolite. 

285. Experimental log Kow values arc to be used preferentially. However, older shake flask 
values above 5.5 are not reliable and we arc in many cases better off using some average of 
calculated values or having these rcmcasured using the slow stirring method (Bruijn eta!., 1989). If 
there is reasonable doubt about the accuracy of the mcasmed data, calculated log Kow values shall 
be used. 

6.4.3 Degradability- abiotic and biodegradation 

286. QSARs for abiotic degradation in water phases are narrowly defined linear free energy 
relationships (LFERs) for specific categories of cltcmicals and mechanisms. For example, such 
LFERs are available for hydrolysis of benzylic chlorides with various substituents on the aromatic 
ring. Such narrowly defined LFER models tend to be very reliable if the needed parameters are 
available for the Substituent(s) in question. Photo degradation, i.e., reaction with UV produced 
reactive species, may be extrapolated from estimates for the air compartment. Willie these abiotic 
processes do not usually result in complete degradation of organic compounds, they are frequently 
significant starting points, and may be rate limiting. QSARs for calculating biodegradability are 
either compound specific (OECD, 1995) or group contribution models like the BIODEG program 
(Hausch and Leo, 1995; Meylan and Howard 1995; Hila! et a!., 1994; Howard et a!., 1992; 
Boethling eta/., 1994; Howard and Meylan 1992; Loonen eta!., 1999). While validated compound 
category specific models are very limited in their application range, the application range of group 
contribution models is potentially much broader, but limited to compounds containing the ntodel 
substructures. Validation studies have suggested that the biodegradability predictions by currently 
available group contribution models may be used for prediction of "not ready biodegradability" 
(Pedersen eta!., 1995; Langenberg et al., 1996; USEPA, 1993)- and thus in relation to aquatic 
hazard classification "ttot rapid degradability." 

6.4.4 Acute aquatic toxicity for fish, daphnia and algae 

287. The acute aquatic toxicity of non-reactive, non-electrolyte organic chemicals (baseline 
toxicity) can be predicted from their log Kow value with a quite high level of confidence, provided 
tlte presence of clectrophile, proclcctrophile, or special mechanism functional groups (sec above) 
were not detected. ProblcnL<> remain for such specific toxicmlts, for which the appropriate QSAR 
has to be selected in a prospective manner: Since straightforward criteria for the identification of the 
relevant modes of action arc still lacking, empirical expert judgement needs to be applied for 
selecting a suitable model. Thus, if an inappropriate QSAR is employed, the predictions may be in 
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error by several orders of magnitude, aud in the case of baseline toxicity, will be predicted less 
toxic, rather than more. 

6.4.5 Prolonged toxicity for fish and Daphnia 

288. Calculated values for chronic toxicity to fish and Daphnia should not be used to overrule 
classification based on experimental acute toxicity data. Only a few validated models are available 
for calculating prolonged toxicity for fish and Daphnia. These models are based solely on log Kow 
correlations and arc limited in their application to non~rcactivc, non-electrolyte organic compolmds, 
and are not suitable for chemicals with specific modes of action under prolonged exposure 
conditions. The reliable estimation of chronic toxicity valnes depends on the correct discrimination 
between non-specific and specific chronic toxicity mechanisms; otherwise, the predicted toxicity 
can be wrong by orders of magnitude. It should be noted that although for many compounds, excess 
toxiciti in a chronic test correlates with excess toxicity in an acute test, this is not always the case. 

'Excess toxicity, Te =(Predicted baseline toxicity) J Observed toxicity 
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7. CLASSIFICATION OF METALS AND METAL COMPOUNDS 

7.1 INTRODUCTION 

289. The harmoniscd system for classifYing chemical substances is a hazard-based system, and 
the basis of the identification of hazard is the aquatic toxicity of the substances, and information on 
the degradation aud bioaccumulation behaviour (OECD 1998). Since this document deals only with 
the hazards associated with a given substance when the substance is dissolved in the water column, 
exposure from this source is limited by the solubility of the substance in water and bioavailability of 
the substance in species in the aquatic environment. Thus, the hazard classification schemes for 
metals and metal compounds are limited to the hazards posed by metals and metal compounds when 
they are available (i.e., exist as dissolved metal ions, for example, as 11' when present as M-N03), 

and do not take into account exposures to metals and metal compounds that are not dissolved in the 
water column but may still be bioavailable, such as metals in foods. This chapter does not take into 
account the non-metallic ion (e.g., CN-) of metal compounds which may be toxic or which may be 
organic and may pose bioaccumulation or persistence hazards. For such metal compounds the 
hazards of the non-metallic ions must also be considered. 

290. The level of the metal ion which may be present in solution following the addition of the 
metal and/or its compounds, will largely be determined by two processes: the extent to which it can 
be dissolved, i.e., its water solubility, and the extent to which it can react with the media to 
transfmm to water soluble forms. The rate and extent at which this latter process, known as 
"transformation" for the purposes of this guidance, takes place can vary extensively between 
different compounds and the metal itself, and is an impmtant factor in detennining the appropriate 
hazard category. Where data on transfommtion are available, they should be taken into account in 
determining the classification. The Protocol for determining this rate is available as a separate 
Guidance Document (OECD, 2001). 

291. Generally speaking, the rate at which a substance dissolves is not considered relevant to 
the dctcnuination of its intrinsic toxicity. However, for metals and many poorly soluble inorganic 
metal compounds, the difficulties in achieving dissolution througl1 nmmal solubilisation teclmiques 
is so severe that the two processes of solubilisation and transfonnation become indistinguishable. 
Thus, where the compound is sufficiently poorly soluble that the levels dissolved following normal 
attempts at solubilisation do not exceed the available L(E)C5o, it is the rate and extent of 
trausfmmation, which must be considered. The transformation will be affected by a number of 
factors, not least of which will be the properties of the media with respect to pH, water hardness, 
temperature etc. In addition to these properties, other factors such as the size and specific surface 
area of the particles which have been tested, the length of time over which exposure to the media 
takes place and, of course the mass or surface area loading of the substance in the media will all play 
a part in determining the level of dissolved metal ions in the water. Transformation data can 
generally, therefOre, only be considered as reliable for the purposes of classification if conducted 
according to the standard Protocol referenced above. 

292. This Protocol aims at standardising the principal variables such that the level of dissolved 
ion can be directly related to the loading of the substance added. It is this loading level which yields 
the level of metal ion equivalent to the available L(E)Cso that can then be used to determine the 
hazard band appropriate for classification. The testing methodology is beyond the scope of this 
guidance but the strategy to be adopted in using the data from the testing protocol, and the data 
requirements needed to make that strategy work, will be described. 
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293. In considering the classification of metals and metal compounds, both readily and poorly 
soluble, recognition has to be paid to a number of factors. As defined in the Glossary of this 
document, the term ''degradation" refers to the decomposition of organic molecules. For inorganic 
compounds and metals, clearly the concept of degradability, as it has been considered and used for 
organic substances, has limited or no meaning. Rather, the substance may be transformed by normal 
environmental processes to either increase or decrease the bioavailability of the toxic species. 
Equally, the log K.,w cannot be considered as a measure of the potential to accumulate. 
Nevertheless, the concepts that a substance, or a toxic metabolite/reaction product may not be 
rapidly lost from the environment and/or may bioaccumulatc arc as applicable to metals and metal 
compounds as they are to organic substances. 

294. Speciation of the soluble fonn can be affected by pH, water hardness and other variables, 
and may yield particular forms of the metal ion which are more or less toxic. In addition, metal ions 
could be made non-available from the water column by a number of processes (e.g., mineralisation 
and partitioning). Sometimes these processes can be sufficiently rapid to be analogous to 
degradation in assessing chronic classification. However, partitioning of the metal ion from the 
water column to other environmental media does not necessarily mean that it is no longer 
bioavailable, nor does it mean that the metal has been made pennancntly unavailable. 

295. Information pertaining to the extent of the partitioning of a metal ion from the water 
column, or the extent to which a metal has been or can be converted to a fonn that is less toxic or 
non-toxic is frequently not available over a sufficiently wide range of environmentally relevant 
conditions, and thus, a number of assumptions will need to be made as an aid in classification. These 
assumptions may be modified if available data show otherwise. In the first instance it should be 
assumed that the metal ions, once in the water, arc not rapidly partitioned from the water column 
and thus these compounds do not meet the criteria. Underlying this is the assumption that, although 
speciation can occur, the species will remain available under environmentally relevant conditions. 
This may not always be the case, as described above, and any evidence available that would suggest 
changes to the bioavailability over the course of 28 days, should be carefully examined. The 
bioaccumulation of metals and inorganic metal compounds is a complex process and 
bioaccumulation data should be used with care. The application of bioaccumulation criteria will 
need to be considered on a case-by-case basis taking due account of all the available data. 

296. A further assumption that can be made, which represents a cautious approach, is that, in 
the absence of any solubility data for a particular metal compound, either measured or calculated, 
the substance will be sufficiently soluble to canse toxicity at the level of the L(E)C50, and tlms may 
be classified in the same way as other soluble salts. Again, this is clearly not always the case, and it 
may be wise to generate appropriate solubility data. 

297. This chapter deals with metals and metal compounds. Within the context of this Guidance 
Document, metals and metal compounds are characterised as follows, and therefore, organa-metals 
arc outside the scope of this chapter: 

(l) metals, M0
, in their elemental state arc not soh1ble in water but may transf01m to yield 

the available form. This means that a metal in the elemental state may react with water or a 
dilute aqueous electrolyte to form soluble cationic or anionic products, and in the process 
the metal will oxidise, or transform, from the neutral or zero oxidation state to a higher one. 

(2) in a simple metal compound, such as an oxide or sulphide, the metal already exists in the 
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oxidised state, so that fi.mher metal oxidation is unlikely to occur when the compound is 
introduced into an aqueous medium. 

However, while oxidisation may not change, interaction wid1 the media may yield more soluble 
fonns. A sparingly soluble metal compound can be considered as one for which a solubility product 
can be calculated, and which will yield a small amount of the available fo1m by dissolution. 
However, it should be recognised that the fmal solution concentration may be influenced by a 
number of factors, including the solubility product of some metal compounds precipitated during the 
transformation/dissolution test, e.g. aluminium hydroxide. 

7.2 APPLICATION OF AQUATIC TOXICITY DATA AND SOLUBIUTY DATA FOR 
CLASSIFICATION 

7.2.1 Interpretation of aquatic toxicity data 

298. Aquatic toxicity studies carried out according to a recognised protocol should norrnally be 
acceptable as valid for the purposes of classification. Chapter 3 should also be consulted for generic 
issues that are common to assessing any aquatic toxicity data point for the purposes of classification. 

Metal complexation and speciation 

299. The toxicity of a particular metal iu solution, appears to depend p1imarily on (but is not 
strictly limited to) the level of dissolved free metal ions. Abiotic factors including alkalinity, ionic 
strength and pH can influence the toxicity of metals in two ways: by influencing the chemical 
speciation of the metal in water (and hence affecting the availability) and by influencing the uptake 
aud binding of available metal by biological tissues. 

300. Where speciation is important, it may be possible to model the concentrations of the 
different forms of the metal, including those that are likely to cause toxicity. Analysis methods for 
quantifying exposure concentrations, which are capable of distinguishing between the complexed 
and uncomplexed fractions of a test substance, may uot always be available or economic. 

301. Complexation of metals to organic and inorganic ligauds in test media and natural 
environments can be estimated from metal speciation models. Speciation models for metals, 
including pH, hardness, DOC, and inorganic substances such as MINTEQ (Brown and Allison, 
1987), WHAM: (Tipping, 1994) and CHESS (Santore and Driscoll, 1995) can be used to calculate 
the uncomplexed and complexed fractions of the metal ions. Alternatively, the Biotic Ligand Model 
(BLM), allows for the calculation of the concentration of metal ion responsible for the toxic effect at 
the level of the organism. The BLM model has at present only been validated for a limited number 
of metals, organisms, and end-points (Santore and Di Tore, 1999). The models and fonnula used for 
the characterisation of metal complexation in the media should always be clearly reported, allowing 
for their translation back to natural environments ( OECD, 2000). 

7.2.2 Interpretation of solubility data 

302. When considering the available data on solubility, their validity and applicability to the 
identification of the hazard of metal compounds should be assessed. In particular, a knowledge of 
the pH at which the data were generated should be known. 
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Assessment of existing data 

303. Existing data will be in one of three forms. For some well-studied metals, there will be 
solubility products and/or solubility data for the various inorganic metal compounds. It is also 
possible that the pH relationship of the solubility will be known. However, for many metals or 
metal compounds, it is probable that the available infonnation will be descriptive ouly, e.g., poorly 
soluble. Unfortunately there appears to be very little (consistent) guidance about the solubility 
ranges for such descriptive tenns. Where these are the only information available it is probable that 
solubility data will need to be generated using the Transformation/Dissolution Protocol. 

Screening test for assessing solubility of metal cmuponnds 

304. In the absence of solubility data, a simple "Screening Test" for a<;scssing soh1bility, based 
on the high rate of loading for 24 h can be used for metal compounds as described in the 
Transformation/Dissolution Protocol. The function of the screening test is to identifY those metal 
compounds which undergo either dissolution or rapid transformation such that they arc 
indistinguishable from soluble forms and hence may be classified based on the dissolved ion 
concentration. Where data are available from the screening test detailed in the 
Transformation/Dissolution Protocol, the maximum solubility obtained over the tested pH range 
should be used. Where data are not available over the full pH range, a check should be made that 
this maximum solubility has been achieved by reference to suitable thermodynamic speciation 
models or other suitable methods (see paragraph 301). It should be noted that this test is only 
intended to be used for metal compounds. 

Full test for assessing solubility of metals and metal compound'> 

305. The first step in this prut of the study is, as with the screening test, an assessment of the 
pH(s) at which the study should be conducted. Nonnally, the Full Test should have been carried out 
at the pH that maximises the concentration of dissolved metal ions in solution. In such cases, the pH 
may be chosen following the same guidance as given for the screening test. 

306. Based on the data from the Full Test, it is possible to generate a concentration of the metal 
ions in solution after 7 days for each of the three loadings (i.e., I mg!L a~ "low", 10 mg/L as 
"medium" and IOOmg/L as "high") used in the test. If the purpose of the test is to assess the long­
tcnn hazard of the substance, then the test at the low loading may be extended to 28 days, at an 
appropriate pH. 

7.2.3 Comparison of aquatic toxicity data and solubility data 

307. A decision whether or not the substance be classified will be made by cmnpru·ing aquatic 
toxicity data and sol ubi! ity data. If the L(E)C50 is exceeded, irrespective of whether t11c toxicity and 
dissolution data arc at the same pH and if this is the only data available then the substance should be 
classified. If other solubility data arc available to show that the dissolution concentration would not 
exceed the L(E)C50 across the entire pH range then the substance should not be classified on its 
soluble fonn. This may involve the use of additional data either from ecotoxicological testing or 
from applicable bioavailability-effect models. 
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7.3 ASSESSMENT OF ENVIRONMENTAL TRANSFORMATION 

308. Environmental transfotmation of one species of a metal to another species of the same 
docs not constin1tc degradation as applied to organic compounds and may increase or decrease the 
availability and bioavailability of the toxic species. However as a result of naturally occurring 
geochemical processes metal ions can partition from the water column. Data on water column 
residence time, the processes involved at the water - sediment interface (i.e., deposition and re­
mobilisation) are fairly extensive, but have not been integrated into a meaningful database. 
Nevertheless, using the principles and assumptions discussed above in Section 7.1, it may be 
possible to incorporate this approach into classification. 

309. Such assessments are very difficult to give guidance for and will normally be addressed on 
a case by case approach. However, the following may be taken into account: 

• Changes in speciation if they arc to non-available fonns, however, the potential for 
the reverse change to occur must also be considered; 

• Changes to a metal compound which is considerably less soluble than that of the metal 
compmmd being considered. 

Some caution is recommended, see paragraph 293 and 294. 

7.4 BJOACCUMULATION 

310. While log Kow is a good predictor of BCF for CC!tain types of organic compounds e.g., 
non-polar organic substances, it is of course irrelevant for inorganic substances such as inorganic 
metal compounds. 

311. The mechanisms for uptake and depuration rates of metals are very complex and variable 
and there is at present no general model to describe this. Instead the bioacclJmulation of metals 
according to the classification criteria should be evaluated on a case by case basis using expert 
judgement. 

312. While BCFs are indicative of the potential for bioaccmnulation there may be a number of 
complications in interpreting measured BCF values for metals and inorganic metal compounds. For 
some metals and inorganic metal compounds the relationship between water concentration and BCF 
in some aquatic organisms is inverse, and bioconcentration data should be used with care. This is 
particularly relevant for metals that are biologically essentiaL Metals that are biologically essential 
are actively regulated in organisms in which the metal is essential. Since nutritional requirement of 
the organisms can be higher than the environmental concentration, this active regulation can results 
in high BCFs and an inverse relationship between BCFs and the concentration of the metal in water. 
When environmental concentrations are low, high BCFs may be expected as a natural consequence 
of metal uptake to meet nutritional requirements and in these instances can be viewed as a normal 
phenomenon. Additionally, if internal concentration is regulated by the organism, then measured 
BCFs may decline as external concentration increases. When external concentrations are so high 
that they exceed a threshold level or ovcJwhclm the regulatory mechanism, this can cause harm to 
the organism. Also, while a metal may be CSSC!Jtial in a particular organism, it may not be essential 
in other organisms. The1·efore, where the metal is not essential or when the bioconcentration of an 
essential metal is above nutritional levels special consideration should be given to the potential for 
bioconccntration and environmental concern. 
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7.5 APPLICATION OF CLASSIFICATION CRITERIA TO METALS AND METAL 
COMPOUNDS 

7.5.1 Introduction to the classification strategy for metals and metal compounds 

313. The schemes for the classification of metals and metal compounds are described below 
and summarised diagrammatically in Figure 1. There are several stages in these schemes where data 
arc used for decision pl.U]Joscs. It is not the intention of the classification schemes to gcnemte new 
data. In the absence of valid data, it will be necessary to use all available data and expert 
judgement. 

In the following sections, the reference to the L(E)C~o refers to the data point(s) that will be used to 
select the classification band for the metal or metal compound. 

314. When considering L(E)C50 data for metal compounds, it is important to ensure that the 
data point to be used as the justification for the classification is expressed in the weight of the 
molecule of the metal compound to be classified. This i,<; known as conccting for molecular weight 
Thus while most metal data is expressed in, for example, mg/L of the metal, this value will need to 
be adjusted to the CO!responding weight ofthc metal compound. Thu,<;: 

L(E)Cso metal compounds 
= L(E)C~o of metal x (Molecular Weight of metal compound/Atomic Weight of metal) 

NOEC data may also need to be adjusted to 1hc corresponding weight of the Uleta! compounds. 

7.5.2 Classification Strategy for Metals 

315. Where tbe L(E)C~o for the metal ions of concern is greater than lOOmg/L, the metals need 
no\ be considered fmther in the classification scheme. 

316. Where the L(E)C~o for the metal ions of concern is less than or equal to lOOmg/L, 
consideration must be given to the data available on the rate and extent to which these ions can be 
generated from the metal. Such data, to be valid and useable should have been generated using the 
Transfonnation/Dissolution Protocol. 

317. Where such data are unavailable, i.e., there is no clear data of sufficient validity to show 
that the transfonnation to metal ions will not occur, the safety net classification (Chronic IV) should 
be applied since the known elassifiablc toxicity of these soluble forms is considered to produce 
sufficient concern. 

318. Where data from di,<;,<;olution protocol arc available, then, tbc result,<; should be LL~ed to aid 
clas,<;ification according to the following rules: 

7 day Transformation Test 

319. lfthe dissolved metal ion concentration after a period of7 days (or earlier) exceeds that of 
the L(E)C50, then the default classification for the metals is replaced by the following classification: 

i) lfthe dissolved metal ion concentration at the low loading rate is greater than or equal 
to the L(E)C5o, then classifY Acute Category I. Classify also as Chronic Category 1, 
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unless there is evidence of both rapid partitioning from the water column and no 
bioaccumulation; 

ii) If the dissolved metal ion cotlcentration at the medium loading rate is greater than or 
equal to the L(E)C50, then classify Acute Category 11. Classify also as Chronic 
Category 11 unless there is evidence of both rapid partitioning from the water column 
and no bioaccumulation; 

iii) If the dissolved metal ion concentration at the high loading rate is greater than or 
equal to the L(E)C50, then classify Acute Category 111. Classify also as Chronic 
Category III unless there is evidence of both rapid partitioning from the water column 
and no bioaccumulation. 

28 day Transformation Test 

320. If the process described in paragraph 319 result~ in the classification of Chronic I, no 
further assessment is required, as the metal will be classified irrespective of any further information. 

321. In ail other cases, further data may have been generated through the 
dissolution/transfonnation test in order to show that the classification may be amended. If for 
substances classified Chronic II, III or IV, the dissolved metal ion concentration at the low loading 
rate after a total period of 28 days is less than or equal to the of the long-term NOECs, then the 
classification is removed. 

7.5.3 Classification strategy for metal compounds 

322. Where the L(E)C50 for the metal ions of concern is greater than lOOmg!L, the metal 
compounds need not be considered further in the classification scheme. 

lfsolrrhility 2 L(E)C5o, classifY on the basis of soluble ion 

323. All metal compounds with a water solubility (either measured e.g., through 24-hour 
Dissolution Screening test or estimated e.g., from the solubility product) greater or equal to the 
L(E)Cso of the dissolved metal ion concentration arc considered as readily soluble metal 
compounds. Care should be exercised for compounds whose solubility is close to the acute toxicity 
value as the conditions under which solubility is measured could differ significantly from those of 
the acute toxicity test. In these cases the results of the Dissolution Screening Test arc preferred. 

324. Readily soluble metal compounds arc classified on the basis of the L(E)C50 (corrected 
where necessary for molecular weight): 

i) lfthc L(E)C50 of the dissolved metal ion is less than or equal to I mg/L then classify 
Acute Category I. Classify also as Chronic I unless there is evidence of both rapid 
partitioning from the water column and no bioaccumulation; 

ii) Ifthe L(E)Cso of the dissolved metal ion is greater than 1 mg/L but less than or equal 
to 10 mg/L then classify Acute Category II. Classify also as Chronic II unless there is 
evidence of both rapid partitioning from the water column and no bioaccumulation; 

iii) If the L(E)C50 of the dissolved metal ion is greater than 10 mg/L and less than or 
equal to IOO mg/L then classify Acute Category III, Classify also as Chronic 
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Category lll unless there is evidence ofboth rapid partitioning from the water column 
and no bioaccumulation. 

If solubility <L(E)C.•fh classify default Chronic IV 

325. In the context of the classification criteria, poorly soluble compounds of metals are defined 
as those with a known solubility (either measured e.g., through 24~hour Dissolution Screening test 
or estimated e.g., from the solubility product) less than the L(E)C50 of the soluble metal ion. In 
those cases when the soluble fom1s of the metal of poorly soluble metal compounds have a L(E)C50 
less than or equal to I 00 mg!L and the substance can be considered as poorly soluble the default 
safety net classification (Chronic IV) shm1ld be applied. 

7 day Transformation Test 

326. For poorly soluble metal compounds classified with the default safety net ela<;sification 
further infonnation that may be available fi:om the 7-day transformation/dissolution test can also be 
used. Such data should include transformation levels at low, medium and high loading levels. 

327. If the dissolved metal ion conccnh·ation after a period of7 days (or earlier) exceeds that of 
the L{E)C50, then the dcfatJlt classification for the metals is replaced by the following classification: 

i) Ifthe dissolved metal ion concentration at the low loading rate is greater than or equal 
to the L(E)C50, then classify Acute Category I. Classify also as Chronic Category I, 
unless there is evidence of both rapid partitioning from the water column and no 
bioaccumulation; 

ii) If the dissolved metal ion concentration at the medium loading rate is greater than or 
equal to the L(E)C50, then classify Acute Category li. Classify also as Chronic 
Category II unless there is evidence of both rapid partitioning from the water column 
and no bioaccumulation; 

iii) If the dissolved metal ion concenh·ation at the high loading rate is greater than or 
equal to the L(E)C50, then classify Acute Category III. ClassifY also as Chronic 
Category III unless there is evidence of both rapid partitioning from the water column 
and no bioaccumulation. 

28 day Transformation Test 

328. Ifthc process described in paragraph 327 results in the classification of Chronic I, no further 
assessment is required as the metal compound will be classified irrespective of any further 
information. 

329. In all other cases, fmthcr data. may have bean generated through the 
dissolution/transfonnation test for 28 days in order to show that the classification may be amended. 
If for poorly soluble metal compounds classified as Chronic II, III or IV, the dissolved metal ion 
concentration at the low loading rate after a total period of28 days is less than or equal to the long­
term NOECs, then classification is removed. 

7.5.4 Particle size and surface area 

330. Particle size, or moreover surface area, is a crucial parameter in that any variation in the size 
or surface area tested may cause a significant change in the levels of metals ions released in a given 
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time~window. Thus, this particle size or surface area is fixed for the purposes of the transfonnation 
test, allowing the comparative classifications to be based solely on the loading level. Normally, the 
classification data generated would have used the smallest particle size marketed to determine the 
extent of transformation. There may be cases where data generated for a particular metal powder is 
not cousidered as suitable for classification of the massive forms. For example, where it can be 
shown that the tested powder is structurally a different material (e.g., different crystallographic 
structure) and/or it has been produced by a special process and cannot be generated from the 
massive metal, classification of the massive can be based on testing of a more representative particle 
size or surface area, if such data arc available. The powder may be classified separately based on 
the data generated on the powder. However, in normal circumstances it is not anticipated that more 
than two classification proposals would be made for the same metal. 

33 I. Metals with a particle size smaller than the default diameter value of I mm can be tested on 
a case-by-case basis. One example of this is where metal powders arc produced by a different 
production technique or where the powders give rise to a higher dissolution (or reaction) rate than 
the massive form leading to a more stringent classification. 

332. The particle sizes tested depend on the substance being assessed and arc shown in the table 
below: 

Type 

Metal compounds 

Metals -powders 

Metals- massive 

Particle size 

Smallest representative 
size sold 

Smallest representative 
size sold 

lmm 

Comments 

Never larger than I mm 

May need to consider different sources if 
yielding different crystallographic I 
morphologic properties 

Default value may be altered if sufficient 
justification 

333. For some fonns of metals, it may be possible, using the Transformation/Dissolution 
Protocol (OECD 200I), to obtain a correlation between the concentration of the metal ion after a 
specified time intc!val a<; a ftmction of the surface area loadings of the forms tested. In such cases, 
it could then be possible to estimate the level of dissolved metal ion concentration of the metal with 
different particles, using the critical surface area approach a<> proposed by Skcaff et. a!. (2000). That 
is, from this con-elation and a linkage to the appropriate toxicity data, it may be possible to 
dctenuine a critical surface area of the substa11Ce that delivers the L(E)C50 to the medium and then to 
convert the critical surface area to the low, medium and high mass loadings used in hazard 
identification. While this approach is not nonn;tlly used for classification it may provide useful 
iufonnation for labelling and downstream decisions. 
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FIGURE 1: Classification Strategy for metals and metal compounds 

Metals or metal compounds ------ YES 
L(E)C,G of soluble metal ion> IOOmgiL No Classification 

NO (metals) l NO (metal compounds) 
·- - ---- - --- -- ---- - ---- ----- ---- - ----- -- ----- - -- -- - ---- - - ----- - - --- ----- ------- - -1 

' ' jsolubility of metal compound YES : 
!;?: LfE)C fro!~ available data ~ CLASSIFY for acute and ' 

.. NO or no data chronic toxicity based on 
YE~ L(E)Csa of metal ion 

~4 hours transformation/dissolution ----- corrected for molecular 
i>crccning test shows that concentration weight (See paragraph 314) 

~ L(E)C5a of dissolved fonn 
! i 
I .J NO Thisboxappliesonlytnmetolcompoimds i 
L----·-··----·"'--····-·-----·-.. ·--·-·----·-·----·-·----· .. ·-----····---·-·----·-.... ---------··------·-----_j 

7 days transfonnation/dissolution full 
test data available 

NO ~ YES 

Concentration at low 
loading rate ~ L(E)C50 

of dissolved fonn 

YES -
~ NO 

Concentration at medium 
loading rate;:::: L(E)C"' of _2!. 
dissolved fonn 

CLASSIFY_____.,.. 
Acute l 

CLASSIFY____.. 
Acute II 

Concentration at high 
loading rate~ L(E)C50 

of dissolved form 

YES CLASSIFY--+-
______.. Acute III 

~ NO 

CLASSIFY chronic IV unless transformation/ 
dissolution full test shows that after 28 days 
concentration~ long-term NOECs of dissolved tOrm 
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Also CLASSIFY Chronic I unless 
there is evidence of rapid 
partitioning and no 
bioaccmnulation 

Also CLASSIFY Chronic II unless: 
(I) there is evidence of rapid 
partitioning and no bioaccumtJ!ation; 
0' 
(2) transformation/dissolution full test 
shows that after 28 days concentration 
at low loadingS long-term NOECs of 
dissolved fonn 

Also CLASSIFY Chronic III 
unless·. 
(I) there is evidence of rapid 
partitioning and uo bioaccumulation; 
m 
(2) transfOJmation!dissolution filll 
test shows that after 28 days 
concentration at low loadingS long­
tenn NOECs of dissolved form 
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ANNEX 7.1 
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APPENDIX 

HARMONIZED SYSTEM FOR THE CLASSIFICATION OF.CHEMICAL SUBSTANCES 
.. WHICHARE HAZARDOUS FOR THE AQUATIC ENVIRONMENT . 

PURPOSE, BASIS AND APPLICABILITY 

I. The hannoniscd system for classifying chemical substances for the hazards they present to 
the aquatic environment is based on a consideration of the existing systems listed below. The 
aquatic environment maybe considered in tenns of the aquatic organisms that live in the water, and 
the aquatic ecosystem of which they are part. To that extent, the proposal does not address aquatic 
pollutants for, which there may be a need to consider effects beyond the aquatic environment such 
as the impacts on human health etc. The basis, therefore, of the identification of hazard is the 
aquatic toxicity of the substance, although this may be lllodified by further infom1ation on the 
degradation and bioaccumulation behaviour. 

2. The proposed system is intended specifically for use with chemical substances and is not 
intended at this stage to cover preparations or other mixtures such as formulated pesticides. Its 
application to mixtures is deferred to the OECD Working Group on Mixtures. While the scheme is 
intended to apply to all substances, it is recognised that for some substances, e.g. metals, poorly 
soluble substances etc., special guidance will be necessary. A Guidance Document will thus be 
prepared to cover issues such as data interpretation and the application of the criteria defined below 
to such groups of substances. Considering the complexity of this endpoint and the breadth of the 
application of the system, the Guidance Document is considered an important element in the 
operation of the harmonised scheme. 

3. Consideration has been given to ex1stmg classification systems as currently in use, 
including the EU Supply and Use Scheme, the revised GESAMP hazard evaluation procedure, IMO 
Scheme for Marine Pollutant, the European Road and Rail Transport Scheme (RID/ADR), the 
Canadian and US Pesticide systems and the US Land Transpmt Scheme. The hannoniscd scheme is 
considered suitable for use for packaged goods in both supply and use and multimoda] transport 
schemes, and elements of it may be used for bulk land transport and bulk marine transport under 
MARPOL 73/78 Annex II insofar as this uses aquatic toxicity. 

DEFINITIONS AND DATA REQUIREMENTS 

4. The basic clements for usc within the harrnonised system arc: 
• acute aquatic toxicity; 
• potential for or actual bioaccumulation; 
• degradation (biotic or abiotic) for organic chemicals; and 
• chronic aquatic toxicity. 

5. While data from internationally hannonised test methods are preferred, in practice, data 
from national methods may also be used where they are considered as equivalent. In general, it has 
been agreed that freshwater and marine species toxicity data can be considered as equivalent data 
and are preferably to be derived using OECD Test Guidelines or equivalent according to the 
principles of GLP. Where such data are not available classification should be based on the best 
available data. 
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Acute toxicity 

6. Acute aquatic toxicity would normally be determined using a fish 96 hour LC50 (OECD 
Test Guideline 203 or equivalent), a crustacea species 48 hour EC50 (OECD Test Guideline 202 or 
equivalent) and/or an algal species 72 or 96 hour EC50 (OECD Test Guideline 201 or equivalent). 
These species are considered as surrogate for all aquatic organisms and data on other species such as 
Lemna may also be considered if the test methodology is suitable. 

Bioaccumulation potential 

7. The potential for bioaccumulation would normally be detcnnincd by using the 
octanol!water partition coefficient, usua!ly reported as a log Kow dctcnnincd by OECD Test 
Guldcline 107 or 117. While this represents a potential to bioaccumulatc, an experimentally 
detcmllned Bioconccntration Factor (BCF) provides a better measure and should be used in 
preference when available. A BCF should be determined according to OECD Test Guideline 305. 

Rapid degradability 

8. Environmental degradation may be biotic or abiotic (e.g. hydrolysis) and the criteria used 
reflect this fact (Annex I). Ready biodegradation can most easily be defined using the OECD 
biodegradability tests OECD Test Guideline 301 (A ~ F). A pass level in these tests can be 
considered as indicative of rapid degradation in most environments. These are freshwater tests and 
thus the usc of the results from OECD Test Guideline 306, which is more suitable for marine 
environments, has also been included. Where such data are not available, a BOD(S days)/COD ratio 
>0.5 is considered as indicative of rapid degradation. 

9. Abiotic degradation such as hydrolysis, primary degradation, both abiotic and biotic, 
degradation in non~aquatic media and proven rapid degradation in the environment may all be 
considered in defining rapid degradability. Special guidance on data interpretation will be provided 
in the Guidance Document. 

Chronic toxicity 

I 0. Chronic toxicity data are less available than acute data and the range of testing procedures 
less standardised. Data generated according to the OECD Test Guidelines 210 (Fish Early Life 
Sta~), 202 Part 2 or 211 (Daphnia Reproduction) and 201 (Algal Growth Inhibition) can be 
accepted. Other validated and internationally accepted tests could also be used. The NOECs or 
other equivalent L(E)Cx should be used. 

CLASSIFICATION CATEGORIES AND CRJTERTA 

II. Substances classified under the following crite1ia will be categorised as 'hazardous to the 
aquatic environment'. These criteria describe in detail the classification categories detailed 
diagrammatically in Aru1cx 2 to Appendix. 
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Acute toxicity 

Categorv: Acute I 
Acute toxicity: 

96 hr LC50 (for fish) .:s;Img!L and/or 
48 hr EC50 (for crustacea) 51 mg!L and/or 
72 or 96hr ErC50 (for algae or other aquatic plants) 51 mg/L. 

Category: Acute I may be subdivided for some regulatory systems to include a lower band at 
-~(E)Cso:50.1 mo/L. 

Categorv: Acute IJ 
Acute toxicity: 

96 hr LC5o (for fish) > 1 ¥ :510 mg/L and/or 
48 hr ECso (for crustacea) > 1 - .:s;IO mg/L and/or 
72 or 96hr ErC50 (for algae or other aquatic plants) > 1 - <10 mW'r.. 

Categorv: Acute III 
Acute toxicity: 

96 hr LC50 (for fish) >10- :S:lOO mg!L and/or 
48 hr EC50 (for crustacea) > !0 - :5100 mg!L and/or 
72 or 96hr ErC50 (for algae or other aquatic plants) >10-:5100mg/L. 

Some regulatory systems may extend this muge beyond an L(E)C50 of 100 mg!L through the 
introduction of another cat_e:gory. 

Chronic toxicity 

Categorv: Chronic I 
Acute toxicity: 

96 hr LC5o (for fish) ::;I mg!L and/or 
48 hr EC50 (for crustacea) $1 mg/L and/or 
72 or 96hr ErC50 (for algae or other aquatic plants) :5:1 mg!L 

and the substance is not rapidly degradable and/or the log Kow ~ 4 (unless the experimentally 
determined BCF <500). 

Categorv: Chronic ll 
Acute toxicity 

96 hr LC5o (for fish) > 1 to $10 mg/L and/or 
48 hr EC5o (for crustacea) >1 to:5:10mg/L and/or 
71 or 96lrr ErC50 (for algae or other aquatic plants) >I to $10 mg/L 

and the substance is not rapidly degradable and/or the log Kow ;::4 (unless the experimentally 
determined BCF <500), unless the chronic toxicity NOECs are> 1 mg/L. 

Categorv~ Chronic Ilf 
Acute toxicity: 

96 hr LC50 (for fish) > 10 to $100 mg!L and/or 
48 hr EC50 (for crustacea) >10 to $100 mg!L and/or 
72 or 96hr ErC50 (for algae or other aquatic plants) >10 to $100 mg/L 

and the substance is not rapidly degradable and/or the log Kow ;::4 (unless the experimentally 
detennined BCF <500) unless the chronic toxicity NOECs are> 1 mg/L. 
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Category: Chronic IV 
Poorly soluble substances for which no acute toxicity Is recorded at levels Up to the water 
solubility, and whiclt are not rapidly degradable and have a log Kow ~ 4, indicating a potential to 
bioaccumulate, will be classified in this category unless other scientific evidence exists showing 
classification to be unnecessary. Such evidence would include an experimentally detennined BCF 
<500, or a chronic toxicity NOECs > 1 mg/L, or evidence of rapid degradation in the environment. 

RATIONALE FOR THE SYSTEM 

12. The system for classification recognises that the core intrinsic hazard to aquatic organisms 
is represented by both the acute and chronic toxicity of a substance, the relative importance of which 
is determined by the specific regulatory system in operation. Distinction can be made between the 
acute hazard and tlte chronic hazard and therefore separate hazard categories are defined for both 
properties representing a gradation in the level of hazard identified. The lowest of the available 
toxicity values will normally be used to define the appropriate hazard class(es). There may be 
circumstances, however, when a weight of evidence approach may be used. Acute toxicity data are 
the most readily available and the tests used are the most standardised. For that reason, these data 
fonn the core of the classification system. 

13. Acute toxicity represents a key property in defining the hazard where transport of large 
quantities of a substance may give rise to short-tenn dangers arising from accidents or major 
spillages. Hazard categories up to L(E)C50 values of 100 nlgfL are thus defined although categories 
up to 1000 mgiL may be used in certain regulatory frameworks. The Acute: Category I may be 
further sub-divided to incltJde an additional category for acute toxicity L(E)C50 :s;O.I mg!L in cctiain 
regulatory systems such as that defined by :MARPOL 73/78 Annex ll. It is anticipated that their use 
would be restricted to regulatory systems concerning bulk transport. 

14. For packaged substances it is considered that the principal hazard is defined by chronic 
toxicity, although acute toxicity at L(E)C50 levels :s;l mgiL arc also considered hazardous. Levels of 
substances up to I mg/L arc considered as possible in the aquatic cnvironmCllt following normal use 
and disposal. At toxicity levels above this, it is considered that the short-tcnn toxicity il~clf docs not 
describe the ptinciplc hazard, which arises from low concentrations causing effects over a longer 
time scale. Thus, a number of hazard categories arc defined which are based on levels of chronic 
aquatic toxicity. Chronic toxicity data arc not available for many substances, however, and it is 
necessary to use the available data on acute toxicity to estimate this property. The intrinsic 
properties of a lack of rapid degradability and/or a potential to bioconcentrate in combination with 
acute toxicity may be used to assign a substance to a chronic hazard category. Where chronic 
toxicity is available showing NOECs >I m,WL, this would indicate that no classification in a chronic 
hazard category would be necessary. Equally, for substances with an L(E)C50 >100 mg/L, the 
toxicity is considered as insufficient to warrant classification in most regulatory systems. 

15. While the current system will continue to rely on the use of acute toxicity data in 
combination with a lack of rapid degradation and/or a potential to bioaccumulate as the basis for 
classification for assigning a chronic hazard category, it is recognised that actual chronic toxicity 
data would form a better basis for classification where these data are available. It is thus the 
intention that the scheme should be further developed to accommodate such data. It is anticipated 
that in such a further development, the available chronic toxicity data would be used to classifY in 
the chronic hazard in preference to that derived from their acute toxicity in combination with a lack 
of rapid degradation and/or a potential to bioaccumulate. 
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16. Recognition is given to the classification goals of MARPOL 73178 Annex II that covers 
the transport of bulk quantities in ship tanks, which are aimed at regulating operational discharges 
from ships aud assigning of suitable ship types. They go beyond that of protecting aquatic 
ecosystems, although that clearly is included. Additional hazard categories may thus be used which 
take account of factors such as physico~chemical properties and manunalian toxicity. 

EXPLANATORY NOTES 

I 7. The organisms fish, crustacea and algae arc tested as sunogatc species covering a range of 
trophic levels and taxa, and the test methods are highly standardised. Data on other organisms may 
also be considered, however, provided they represent equivalent species and test endpoints. The 
algal growth inhibition test is a chronic test but the EC50 is treated as an acute value for 
classification purposes. This EC50 should normally be based on growth rate inhibition. If only the 
EC50 based on reduction in bioma<>s is available, or it is not indicated which EC50 is reported, this 
value may be used in the same way. 

18. Aquatic toxicity testing by its nature, involves the dissolution of the substance tmder test 
in the water media used and the maintenance of a stable bioavailable exposure concentration over 
the cmtrsc of the test. Some substances arc difficult to test under standard proccdmcs and thus 
special guidance will be developed on data interpretation for these substances and how the data 
should be used when applying the classification criteria. 

19. It is tlJe bioaccumulation of substances within the aquatic organisms that can give rise to 
toxic effects over longer time scales even when actual water concentrations are low. The potential 
to bioaccumulatc is determined by the partitioning between n-octanol and water. The relationship 
between the partition coefficient of an organic substance and its bioconcentration as measured by 
the BCF in fish has considerable scientific literature support. Using a cut-off vahte of log P(o/w) ~ 
4 is intended to identify only those substances with a real potential to bioconcentrate. In rcCO!,'llition 
that the log P(o/w) is only an imperfect surrogate for a measured BCF, sttch a mea<;urcd value would 
always take precedence. A BCF in fish of <500 is considered as indicative of a low level of 
bioconccntration. 

20. Substances that rapidly degrade can be quickly removed from the environment. While 
effects can occur, pruticularly in the event of a spillage or accident, they will be localised and of 
shmt duration. The absence of rapid degradatioh in the environment can mean tltat a substance in 
the water has the potential to exert toxicity over a wide temporal and spatial scale. One way of 
demonstrating rapid degradation utilises the biodegradation screening tests designed to determine 
whether a substance is 'readily biodegradable~ Thus a substance, which passes this screening test, 
is one that is likely to biodegrade 'rapidly' iu the aquatic environment, and is thus unlikely to be 
persistent. However, a fail in the screening test does not necessarily mean that the substance will 
not degrade rapidly in the environment. Thus a further criterion was added which would allow the 
use of data to show that the substance did actually degrade biotically or abiotically in the aquatic 
environment by >70% in 28 days. Thus, if degradation could be demonstrated under 
environmentally realistic conditions, then the definition of 'rapid degradability' would have been 
met. Many degradation data are available in the form of degradation half-lives and these can also be 
used in defining rapid degradation. Details regarding the interpretation of these data will be further 
elaborated iu the Guidance Document. Some tests measure the ultimate biodegradation of the 
substance, i.e., full mineralisation is achieved. Primary biodegradation would not nonnally quaJify 
in the assessment of rapid degradability unless it can be demonstrated that the degradation products 
do uot fulfil the criteria for classlftcation as hazardous to the aquatic environment. 
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21. It must be recognised that environmental degradation may be biotic or abiotic (e.g. 
hydrolysis) and the criteria used reflect this fact. Equally, it must be recognised that failing the 
ready biodegradability criteria in the OECD tests does not mean that the substance will not be 
degraded rapidly in the real environment. Thus where such rapid degradation can be shown, the 
substance should be considered as rapidly degradable. Hydrolysis can be considered if the 
hydrolysis products do not fulfil the criteria for classification as hazardous to the aquatic 
environment. A specific definition of rapid degradability is included as Annex I. Ot!Jer evidence of 
rapid degradation in the environment may also be considered and may be of particular importance 
where the substances are inhibitory to microbial activity at the concentration levels used in standard 
testing. The range of available data and guidance on its interpretation will be provided in the 
Guidance Document. 

22. For inorganic compounds and metals, the concept of degradability as applied to organic 
compounds has limited or no meaning. Rather the substance may be transformed by normal 
environmental processes to either increase or decrease the bioavailabili:ty of the toxic species. 
Equally the use of bioaccumulation data should be treated with care. Specific guidance will be 
provided on how these data for such materials may be used in meeting the requirements of the 
classification criteria. 

23. Poorly soluble inorganic compounds and metals may be acutely or chronically toxic in the 
aquatic environment depending on the intrinsic toxicity of the bioavailablc inorganic species and the 
rate and amount of this species which may enter solution. A protocol for testing these poorly 
soluble materials is being developed and will be covered furtl1cr in the special guidance. 

24. The system also introduces as 'satCty net' classification (Category: Chronic IV) for usc 
when the data available does not allow classification under the formal criteria but there are 
nevertheless some grounds for concern. The precise criteria are not defined with one exception. For 
poorly water-soluble organic substances for which no toxicity has been demonstrated, classification 
can occur if the substance is both not rapidly degraded and has a potential to bioaccumulate. It is 
considered that for such poorly soluble substances, the toxicity may not have been adequately 
assessed in the short-tenn test due to the low exposure levels and potentially slow uptake into the 
organism. The need for this classification can be negated by demonstrating the absence of long­
term effects, i.e., a long-term NOECs > water solubility or I mg/L, or rapid degradation in the 
environment. 

25. While experimentally derived test data are preferred, where no experimental data are 
available, validated Quantitative Structure Activity Relationships (QSARs) for aquatic toxicity and 
log Kow may be used in the classification process. Such validated QSARs may be used without 
modification to the agreed criteria, if restricted to chemicals for which their mode of action and 
applicability are well characterised. Validity may be judged according to the criteria established 
within the USEPAIEU/Japan Collaborative Project Reliable calculated toxicity and log Kow values 
should be valuable in the safety net context. QSARs for predicting ready biodegradation are not yet 
sutficiently accurate to predict rapid degradation. 
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ANNEX 1 to Appendix 2 

RAPID DEGRADABILITY 

Substances are considered rapidly degradable in the environment if the following criteria 
hold true: 

a) if in 28-day ready biodegradation studies, the following levels of degradation are 
achieved; 

• tests based on dissolved organic carbon: 70% 

• tests based on oxygen depletion or carbon dioxide generation: 60% of theoretical 
maxima 

These levels of biodegradation must be achieved within 10 days of the start of degradation 
which point is taken as the time when I 0% of the substance has been degraded. 

b) if, in those cases where only BOD and COD data are available, when the ratio of 
BODS/COD is ;::0.5 

oc 

c) if other convincing scientific evidence is available to demonstrate !hat the subiitance 
can be degraded (biotically and/or abiotically) in the aquatic environment to a level >70% 
within a 28 day period. 
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ANNEX 2 to Appendix 2 

Classification Scheme for Substances Hazardous to the Aquatic Environment 

Toxicity Degradability Bioaccumulation Classification categories 
(note3) (note 4) 

Acute Chronic 
Acute Chronic 

(note 1) (note 2) 

Bo:d Box 5 Box6 Category: Crucgorv: 
value< 1.00 Acute I Chronic I 

Box I Boxes 1+5+6 
Boxes 1+5 
Boxes 1+6 

I Box2 Categorv: Categorv: 

1.00 <value [lack ofrnpid BCF ~ 500 or, A£!!!sl! Chronic II 

$10.0 dcgmdability if absent Box2 Boxes 2+5+6 

Jog KoJV~ 4 Boxcs2+5 
Boxes 2+6 
Unless Box 7 

Box 3 Catc::,ory: CatCI:QO': 

10.0 <value Acute Ill Chronic III 

$]00 Box3 Boxes3+5+6 
Boxes 3+5 
Boxes 3+6 
UnlcssBox7 

Box 4 Box 7 Cate~:orv: 
~o acute value> 1.00 Chronic IV 
toxicity (note 5) Boxes 4+5+6 

Unless Box 7 

Nmes to tltc tab! C". 

Note Ia. Acute toxicity band based on L(E)C-50 value.• in mg!L for ftsh, crustacea and/or algae or other aquatic plants 
(or QSAR estimation if no experimental data) 

Note Jb Where the algal toxicity ErC-50 ["' EC-50 (growth rate)) falls more than 100 times below the next most 
sensitive species and results in a classification based solely on this effect, consideration should be given to 
whether this toxicity is representative of the toxicity to aquatic plants. Where it can be shown that this is not 
the case, professional jmlgement should be used in deciding if classificmiott should be applied. Classification 
should be based on the ErC-50. In circumstances where the basis of the EC-50 is not specified and no ErC-50 
is recorded, classification .'\ltould be based on the lowe.'t EC-50 available. 

Note 2a. Chronic toxicity band based on NOE~ values in mg/L for fish or crustacea or other recognised mca•ures fur 
long-term toxicity. 

Note 2b. h is the intCiltion that tllc system be fiu:thcr devCIO[lcd hl include chronic toxicity data. 
NtJtc 3. Lack of rapid dcgradability is based on either a lack of Ready Biodegradability or other evidence of lack of 

rapid degradation. 
Notc4. Potential to bioaccumulate, based on an experimentally derived BCF 2 500 or, if absent, <I log Kow ~ 4 

provided log Kuw is an appropriate descriptor for dte bioaccumulation potential of the substance. Measttrcd 
log Kow values take precedence over estimated values ami measured BCF values take precedence over Jog 
Kow values. 

Note 5. ""No acute toxicity"" is taken to mean that the L(E)C-50 is above the watt;-r solubility. Also for poorly soluble 
substances, (w.s. < 1.00 mg/L), where there is evidence that the acute test WO\l]d not have provided a tmc 
measure oftllc intrin.'ic toxicity. 
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FOREWORD 

As part of a wider international effort on the global hannonisation of hazard classification 
systems, agreement was reached in the technical working groups on a set of criteria that would form 
the basis of a global scheme for classifYing substances hazardous to the aquatic environment. Such 
scheme forms part of an international agreement on hazard classification of substances. The criteria 
were endorsed by the Joint Meeting of the OECD in November 1998 and form part of the Globally 
Harmonised Classification System (GHS) which will be implemented under ECOSOC in 2001. In 
developing the criteria, it was agreed tl1at the detail needed to properly define the hazard to the 
environment resulted in a complex system for which some suitable guidance would be necessary. 
The hanuonised proposal makes a number of references to a Guidance Document in the detailed 
explanation of the scheme. This Guidance document has been published in the Environment, Health 
and Safety Series on testing and Assessment as Document no 27. 

In the Guidance DocumcJJt a chapter (Chapter 7} is dedicated to the classification of 
metals and metal compounds. One of the major issues in this chapter is the bio-availability of 
metals and/or metal compounds. An OECD Workshop on Aquatic Toxicity Testing of Sparingly 
Soluble Metals, Inorganic Metal Compounds and Minerals" held in Ottawa in 1995 addressed this 
issue and concluded that a protocol on the transformation/dissolution of metals and metal 
compounds in aquatic media should be developed. TI1e Metals Working Group took the lead in 
developing this protocol, until the group was merged with the Expert Group on Aquatic 
Environmental Hazards in March 2000. At the 6th Meeting of the newly formed Extended Expert 
Group on Aquatic Environmental Hazards it was agreed that the protocol which was then in its final 
stages of development should be prepared as a separate document. 

This document is the outcome of the work undertaken by an ad-hoc Expert Group 
established under the Extended Expert Group. 

The current protocol, as included in this Guidance Document is currently being considered 
for fomml intemational validation. Therefore, it may be subject to changes depending on the 
outcome of the validation work and, therefore, will be revisited after completion of that exercise, if 
needed. 
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INTRODUCTION 

I. This Test Guidance is designed to determine the rate and extent to which metals and 
sparingly soluble metal compounds can produce soluble available ionic ru1d other metal-bearing 
species in aqueous media under a set of standard laboratory conditions representative of those gener­
ally occurring in the environment. Once determined, this infonnation can be used to evaluate the 
short term and long term aquatic toxicity of the metal or sparingly soluble metal compound from 
which the soluble species came. This Test Guidance is the outcome of an international effort under 
the OECD to develop an approach for the toxicity testing and data interpretation of metals and 
sparingly soluble inorganic metal compounds (SSIMs) [refto Ottawa workshop {1) and to Chapter 7 
of the Guidance document]. As a result of recent meetings and discussions [references 1,2,3,4 + 
Chapter 7] held within t11e OECD and EU, the experimental work on several metals and metal 
compounds upon which this Test Guidance is based has been conducted and reported [references 5 
to II]. 

2. The evaluation of the short term and long term aquatic toxicity of metals and sparingly 
soluble metal compounds is to be accomplished by comparison of(a) the concentration of the metal 
ion in solution, produced during transformation or dissolution in a standard aqueous medium with 
(b) appropriate standard ecotoxicity data as determined with the soluble metal salt (acute and 
chronic values). This document gives guidance for performing the transformation/dissolution tests. 
The strategy to derive an environmental hazard classification using the results of the 
dissolution/transformation protocol is not within the scope of this Guidance document and can be 
fOund elsewhere (ref. to Chapter 7 of the Guidance document). 

3. For this Test Guidance, the transformations of metals and sparingly soluble metal com~ 
pounds are, within the context of the test, defined and characterised as follows; 

(I) metals, M0
, in their elemental state arc not soluble in water bnt may transform to yield the 

available form. This means that a metal in the elemental state may react with the media to form 
soluble cationic or anionic products, and in the process the metal will oxidise, or transfom1, from 
the neutral or zero oxidation state to a higher one. 

(2) in a simple metal compound, such as an oxide or sulphide, the metal already exists in an 
oxidiscd state, so that further metal oxidation is unlikely to occm when the compound is intro­
duced into an aqueous medium. However, while oxidisation state may not change, interaction 
with the media may yield more soluble forms. A sparingly soluble metal compo1md can be 
considered as one for which a solubility product can be calculated, and which wi!l yield small 
amount of the available fo1m by dissolution. However, it should be recognised that the final 
solution concentration may be influenced by a number of factors, including the solubility product 
of some metal compounds precipitated during the transformation/dissolution test, e.g. aluminium 
hydroxide. 

PRINCIPLES 

4. This Test Guidance is intended to be a standard laboratory transformation! dissolution 
protocol based on a simple experimental procedure of agitating various quantities of the test 
substance in a pH buffered aqueous medium, and sampling and analysing the solutions at specific 
time intervals to detennine the concentrations of dissolved metal ions in the water. Two different 
types oftests are described in this document: 
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A. Screening transformation/dissolution test sparin2ly soluble metal compounds 

5. For sparingly soluble metal compounds, the maximum concentration of total dissolved 
metal can be detem1ined by the solubility limit of the metal compound or from a screening 
transformation/dissolution test. Tile intent of the screening test, perfonned at a single loading, is to 
identify those compounds which undergo either dissolution or rapid transfonnatiou such that their 
ccotoxicity potential is indistinguishable from soluble fonns. 

6. Sparingly soluble metal compounds, haviug the smallest representative particle size on the 
market are introduced into the aqueous meditun at a single loading of 100 mg/L. Such dissolution 
as will occur is achieved by agitation during a 24 hours period. After 24 hours agitation, the 
dissolved metal iou concentration is measured. 

B. Full transformation/dissolution test- metals and sparine:lv soluble metal compounds 

7. T!Jc full transfonnationfdissolution test is intended to determine level of the dissolution or 
transformation of metals aud metal compounds after a certain time period at different loadings of the 
aqueous phase. Nonnally massive forms and/or powders arc introduced into the aqueous medium at 
three diffcrcut loadings: 1, IO and 100 mg!L. A single loading of 100 mg/L may be used if a 
significant release of dissolved metal species is not anticipated. Transfonnationfdlssolutlon is 
accomplished by standardised agitation, without causing abrasion of the particles. The short term 
trausfonnation/dissolutiou endpoints arc based on the dissolved metal ion concentrations obtained 
after a 7 days transfonnationfdissolution period. The long term transformation/dissolution endpoint 
is obtained during a 28 days transformation/dissolution test, using a single load of 1 mg/L 

8. As pH has a significant influence on transfonnatiortldissolution bot!J the scrceuing test and 
the full test should in principle be carried out at a pH that maximises the concentration of tlic 
dissolved metal ions in solution. With reference to the conditions generally found in the 
environment a pH range of6to 8.5 must be used, except for the 28 day full test where the pH range 
of 5.5 to 8.5 should be used in order to take into consideration possible loug term effects on acidic 
lakes. 

9. As in addition the surface area of the· particles in the test sawple has an important 
influence on the rate and extent of t:ransfonnation/dissolution, powders arc tested at the smallest 
representative particle size as placed on the market, while massives are tested at a particle size 
representative of normal handling and usc. A default diameter value of I mm should be used in 
absence of this infom1atiou. For massive metals, this default may only be exceeded when 
sufficiently justified. The specific surface area should be determined in order to characterise and 
compare similar samples. 

APPLICABILITY OF THE TEST 

10. This test applies to all metals and sparingly soluble inorganic metal compounds. 
Exceptions, such as certain water reactive metals, should be justified. 
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INFORl\1ATION ON THE TEST SUBSTANCE 

II. Substances as placed on the market should be used in the transformation/dissolution tests. 
In order to allow for correct interpretation of the test results, it is important to obtain the following 
infom1ation on the test substance{s): 

• substance name, fonnula and usc on the market; 
• physical-chemical method of preparation; 
• identification of the batch used for testing; 
• chemical characterisation: overall purity(%) and specific impurities(% or ppm); 
• density(g/cm3

) or specific gravity, 
• measured specific surface area (m2/g)- measured by BET N2 adsorption-desorption or 

equivalent technique; 
• storage, expiration date; 
• known solubility data and solubility products; 
• hazard identification and safe handling precautions; 
• Material Safety Data Sheets (MSDS) or equivalent; 

DESCRIPTION OF THE TEST METHOD 

Apparatus and reagents 

12. The following apparatus and reagents are necessary for perfonning tests. 

Pre-cleaned and acid rinsed closed glass sample bottles (paragraph 13); 
transformation /dissolution medium (ISO 6341) (paragraph 14); 
test solution buffering facilities (paragraph 15); 
agitation equipment: orbital shaker, radial impeller, laboratory shaker or equivalent 
(paragraph 16); 
appropriate filters (e.g.0.2 lltn Acrodisc) or centrifuge for solids-liquid separation 
(paragraph 18); 
means to control the temperature of the reaction vessels to + 2°C within the 
temperature range of 20°C to 25°C, such as a temperature controlled cabinet or a 
water bath; 
syringes and/or automatic pipettes; 
pH meter showing acceptable results wiUtin + 0.2 pH units; 

• dissolved oxygen meter, with temperature reading capability; 
thennometer or thermocouple; and 
analytical equipment for metal analysis (e.g. atomic adsorption spectromeuy, 
inductively coupled axial plasma spectrometry). 

13. All glass test vessels must be carefully cleaned by standard laboratory practices, acid­
cleaned (e.g. HCl) and subsequently rinsed with de-ionised water. The test vessel volume and 
configuration (one- or two-litre reaction kettles) should be sufficient to hold I or 2 L of aqueous 
medium without overflow during the agitation specified. If air buffering is used {tests carried out at 
pH 8), it is advised to increase the air buffccing capacity of the medium by increasing the 
headspaec/liquid ratio (e.g. 1 L medium in 2.8 L flasks). 
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14. A reconstituted standard water based on ISO 6341 should be used4
, as the standard 

transfonnationldissolution medium. The medium should be sterilised by filtration (0.2 Jlill) before 
use in the tests. The chemical composition of the standard transfonnationldissolution medium (for 
tests carried out at pH 8) is as follows: 

NaHC03 ; 65.7 mgfL 
KCI; 5. 75 mg/L 
CaCI2.2H20 : 294 mg/L 
MgS04.?H20: 123 mg/L 

For tests carried out at lower pH values, adjusted chemical compositions are given in paragraph 18. 

15. The concentration of total organic carbon in the medium should not exceed 2.0mg/L. 

16. In addition to the fresh water medium, the use of a standardised marine test medium may 
also be considered when the solubility or transfonnation of the metal compound is expected to be 
significantly affected by the high chloride content or other unique chemical characteristics of marine 
waters and when toxicity test data are available on marine species. When marine waters are 
considered, the chemical composition of the standard marine medium is as follows: 

NaF:3mg!L 
Srch·6H20:20mg/L 

H3B03:30mg!L 
KBr: I OOmg/L 
KC1:700mg/L 
CaCh·2H20:L47g/L 
Na2S04:4.0g/L 
MgCli6H20: l 0. 78g/L 
NaC1:23.5g!L 
Na2Si03·9H20:20mg/L 
Na.HC03:200mg/L 

The salinity should be 34 ± 0.5g!kg and the pH should be 8.0 ± 0.2. The reconstituted salt water 
should also be strippcdoftrace metals. (from ASTM E 729-96) 

17. The transfomlationldissolution tests arc to be carried ont at a pH that maximises the 
concentration of the dissolved metal ions in solution within the prescribed pH range. A pH-range of 
6 to 8.5 must be used for the screening test and the 7 day full test, and a range of 5.5 to 8.5 for the 
28 day full test (paragraph 8). 

18. Buffering at pH 8 may be established by equilibrium with air, in which the concentration 
ofC(h provides a natural buffering capacity sufficient to maintain the pH within an average of± 0.2 
pH units over a period of one week (reference 7). An increase in the headspacc/liquid ratio can be 
used to improve the air buffering capacity of the medium. 

4 For hazard classification purposes the results of the dissolution/transfomtation protocol are compared with 
cxistiug ecotoxicity data for metals and metal compom1ds. However, for purposes such as data validation, 
there might be cases where it may be appropriate to usc the aqueous medium from a completed transformation 
test directly in an OECD 202 and 203 daplmia and fuh eco10xicity lest. lfthe CaC~.2H,O and MgS0,.7H,O 
concenUations of the transfonnation mediwn are reduced to one-fifth of the ISO 6341 medium, the completed 
trausformation mcdiwn can also be liSCd (11pon the addition of micronutrients) in an OECD 201 algae 
eeotoxicity test. 
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19. For pH adjustment and buffeting down to pH 7 and 6, Table 1 shows the recommended 
chemical compositions of the media, as well as the C02 concentrations in air to be passed through 
the headspace, and the calculated pH values under these conditions. 

TABLE 1 

Chemical composition of NaHC03 6.5 mg/L 12.6 mg/L 
medium 

KCI 0.58 m<>/L 2.32 mg!L 

CaCh.2H20 29.4 mg!L 117.6 mg!L 

MgS04.7HzO 12.3 mg/L 49.2 mg!L 

C02 concentration (balance is air) in test vessel 0.50% 0.10% 

Calculated pH 6.09 7.07 

Note: The pH values were calculated using the FACT (Facility for the Analysis of Chemical 
Thennodynamlcs) System (http://www.crct.polymtl.ca/fact!fact.htm) 

20. Alternative equivalent buffering methods may be used if the influence of the applied 
buffer on the chemical speciation and transfonnation rare of the dissolved metal fraction would be 
minimal. 

21. During the full transformation/dissolution tests, agitation should be used which is suffi­
cient to maintain the flow of aqueous medium over the test substance while maintaining the integrity 
of the surface of the test substance and of any solid reaction product coatings formed during the test. 
For l L of aqueous medium, this may be accomplished by the usc of: 

• a radial impeller set at 200 r.p.m., with blades deployed 5 em from the bottom of a 1 L re­
action kettle. The radial impellers consist of two fixed polypropylene blades of dimensions 
40 mm width x 15 mm height on a PVC-coated steel rod 8 mm diameter and 350 mm loug; 

oc 
• a 1.0 to 3.0 L flask capped with a rubber stopper and placed on an orbital or laboratory 

shaker set at 100 r.p.m. 

22. Other methods of gentle agitation may be used provided they meet the criteria of surface 
integrity and homogeneous solution. 

23. The choice of solids-liquid separation method depends on whether adsorption of soluble 
metal ions on filters occurs and whether or not a suspension is generated by the agitation prescribed 
in paragraph 16, which will in turn depend on particle size distributions and particle density. For 
solids of density greater than approximately 6 g/cm3 and particle size fanges as low as 50% < 8 !Jill, 
experience has shown that the gentle agitation methods prescribed in paragraph 16 are unlikely to 
result in suspensions. Hence, flltration of a sample through e.g. a 25 mm diameter 0.2 J.un 
hydrophilic polyethersulphone membrane syringe filter (as an option, overlain by a 0.8 JliD prefilter) 
will result in a solution essentially free of solids. However, in the event that suspensions occur, 
stopping the agitation to allow the suspension to settle for about 5 minutes prior to taking a solution 
sample may be useful. 

Prerequisites 
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Analytical method 

24. A suitable validated analytical method for the total dissolved metal analysis is essential to 
the study. The analytical detection limit should be lower than the appropriate chronic or long tenn 
value from the exotoxicity tests. 

25. The following analytical validation aspects are at a minimum to be reported: 

-detection and quantification limit of the analytical method; 
•analytical linearity range within the applicable analytical range; 
•a blank run consisting oftransfom1ation medium (this can be done during the tests); 
.matrix effect of the transformation medium on the measurement of the dissolved metal ion; 
•mass balance(%) after completion of the transfonnation test; 
•reproducibility of the analysis; 
.adsorptive properties of the soluble metal ions ou the filters (if filtration is used for the sepa­

ration oftlte soluble from the solid metal ion). 

Determination of the appropriate pH of the dissolution medium 

26. If no relevant literature data exist, a preliminary screening test may need to be carried out 
in order to ensure that the test is perfonncd at a pH maximising transformation/dissolution within 
the pH range described in paragraph 8 and 16. 

Reproducibility of transformation data 

27. For a standard set-up of three replicate test vessels and two replicate samples per test 
vessel at each sampling time, it is reasonable to anticipate that for a constant loading of a substance, 
tested in a narrow particle size (e.g., 37 - 44 !J.m) and total surface area range, the within-vessel 
variation in transformation data should be less than 10% and the between-vessel variation should be 
less than 20% [reference 5]. 

28. To estimate the reproducibility of the transfonnation test, some Guidance is given in the 
following. The results can be used to eventually improve on reproducibility by adjusting the final 
test set-up through varying the number of replica test vessels and/or replica samples or further 
screening of the particles. The preliminary tests also allow for a first evaluation of the 
transformation rate of tltc tested substance and can be used to establish the sampling frequency. 

29. In preparing the transfonnationldissolution medium, the pH of the medium should be 
adjusted to the desired pH (air buffering or C02 buffering) by agitation for about half an hour to 
bring the aqueous medium into equilibrium with the buffering atmosphere. At least three samples 
(e.g. 10 - 15 mL) arc drawn from the test medium prior to addition of the substance, and the 
dissolved metal concentrations arc measured as controls and background. 

30. At least five test vessels, containing the metal or metal compotmd (e.g.lOO mg solid/L 
medium), are agitated as described in paragraph 16 at a temperature± 2 oc in the range 20 - 25°C, 
and triplicate samples arc taken by syringe from each test vessel after 24 hours. The solid and 
solution arc separated by membrane filter as described in paragraph 18, the solution is acidified with 
1% HN03 and analysed for total dissolved metal concentration. 

31. The within-test vessel and between-test vessel meaus and coefficients of variation of the 
measured dissolved metal concentrations are calculated. 
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Test performance 

a. Dissolution screening test- sparingly soluble metal compounds 

32. After dissolution medium is prepared, add the medium into at least three test vessels 
(number of test vessels depend on the reproducibility obtained during the preliminary test). After a 
half-hour of agitation to bring the aqueous medium into equilibrium with the atmosphere or 
buffering system (paragraph 15), the pH, temperature and dissolved 0 2 concentrations of the 
medium arc measured. Then at least two 10- 15 mL samples arc taken from the test medium (prior 
to addition of the solids) and the dissolved metal concentration measured as controls and 
background. 

33. The metal compound is added to the test vessels at a loading of 100 mg/L and the test 
vessels arc covered and agitated rapidly and vigorously. After the 24 hours a&ritation, the pH, 
temperature and dissolved 0 2 concentrations arc measured in each test vessel, and two to three 
solution samples arc drawn by syringe from each test vessel and the solution is passed through a 
membrane filter as described in paragraph 18 above, acidified (e.g. I % HN03) and analysed for 
total dissolved metal concentration. 

b. Full test- metals and metal compounds 

34. Repeat paragraplt 32. 

35. For 7 day test, substance loadings of I, 10 and 100 mg!L, respectively, arc added to the 
test vessels (number of which depends on the reproducibility as established in paragraphs 23- 26), 
containing the aqueous medium. The test vessels arc closed and agitated as described in paragraph 
16. If a 28 day test is to be conducted, the test with 1 mg!L loading may be extended to 28 days, 
provided that the same pH value is to be chosen for both 7 day and 28 day tests. However, since 7-
day tests are only conducted at pH ranges of 6 and higher, separate 28-day tests are needed to cover 
the pH range between 5.5 and 6. lt may also be useful to include a concurrent control test with no 
substance loaded (i.e. a blank test solution). At established time intervals (e.g. 2 hours, 6 hours, I, 4 
and 7 days), the temperature, pH and dissolved 0 2 concentrations are measured in each test vessel, 
and at least two samples (e.g. 10-15 mL) are drawn by syringe from each test vesseL The solid and 
dissolved fractions are separated as per paragraph 18 above. The solutions are acidified (e.g. 1 % 
HN03) and analysed for dissolved metal concentration. After the first 24 hours, the solution 
volumes should be replenished with a volume of fresh dissolution medium equal to that already 
drawn. Repeat after subsequent samplings. The maximum total volume taken from the test solutions 
should not exceed 20% of the initial test solution volume. The test can be stopped when three 
subsequent total dissolved metal concentration data points vary no more than IS%. The maximum 
duration for the loadings of 10 and 100 mg!L is seven days (the short tcnn test) and 28 days for the 
loading of 1 mg/L test medium (long term test). 

Test Conditions 

36. The transformation/dissolution tests should be done at a controlled ambient temperature± 
2 oc in the range 20 - 25°C. 

37. The transfonnation/dissolution tests are to be carried out within the pH range described in 
paragraphs 8 and 16. The test solution pH should be recorded at each solution sampling intervaL 
The pH can be expected to remain constant (± 0.2 units) during most test~, although some short­
teml pH variations have been encountered at 100 mg/L loadings of reactive fine powders [7], due to 
the inherent propc1tics of the su bstancc in the finely divided state. 
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38. Above the aqueous medium, the head space provided by the reaction vessel should be 
adequate in most instances to maintain the dissolved oxygen concentration above 70% of its 
saturation in air, which is about 8.5 mg/L However, in certain instances, reaction kinetics may be 
limited not by the availability of molecular oxygen in the head space above the solution but by the 
transfer of dissolved oxygen to, and removal of reaction product away from, the solid-solution 
interface. In this case, little can be done, other than await the restoration of equi!ibtium. 

39. To reduce chemical and biological contamination as well as evaporation, the transfor­
mationldissolution kinetics must be performed in closed vessels and in the dark, whenever possible. 

TREATMENT OF THE RESULTS 

Screening test 

40. The mean dissolved metal conceni:J.·ations at 24 hours are calculated (with confidence 
intervals). 

Full test 

a. Determination of the extent of transformation/dissolution 

41. The dissolved metal concentrations, measured during the different short tcnn (7 days) 
tests, arc plotted versus time, and the transformation/dissolution kinetics may be detcmtincd, if 
possible. The following kinetic models could be used to describe the transfomtationldissolution 
curves: 

(1) Linear model: 

Ct =Co+kt,mg!L 
where: 
C0 =initial total dissolved metal concentration (mg/L) at timet= 0; 
C, =total dissolved metal concentration (mg/L} at timet; 
k = linear rate constant, mg/L-days. 

(2) First order model : 

C =A (1-e (-ktJ), mg!L 
where: 
A = limiting dissolved metal concentration (mg/L) at apparent equilibrium =constant; 
C, =total dissolved metal concentration (mg/L) at timet; 
k =first order rate constant, !/days. 

(3) Second order model : 

C, =A ( 1-e(""'l ) + B ( 1-e(·bt) ), mg/L 

where: 
C, =total dissolved metal concentration {mg/L), at timet; 
a= first order rate constant, I/ days; 
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b =second order rate constant, lldays; 
C =A+ B =limiting dissolved metal concentration (mg/L). 

(4) Reaction kinetic equation : 

C1 = ap--e·bt - ( c/n){ 1 + (b e·nt - n e·b1)/(n - b) }J, mg/L 
where: 
C1 =total dissolved metal concentration (mg/L) at timet; 
a =regression coefficient ( mgfL); 
b,c,d =regression coefficients (1/days); 
n = c+d. 

Other reaction kinetic equations may also apply [7 ,8]. 

ENV /JM/MON0(200 l )6 

42. For each replicate vessel in the transfonmtion test, these model parameters are to be 
estimated by re!,>ression analyses. The approach avoids possible problems of correlation between 
successive measurements of the same replicate. The mean values of the coefficients can be 
compared using standard ana!J'sis of variance if at least three replicate test vessel were used. The 
coefficient of determination, r", is estimated as a measure of the "goodness of fit" of the model. 

43. The dissolved metal concentrations, measured from the I mg/L loading during the 28 day 
test, are plotted versus time and the transformation/dissolution kinetics dctennincd, if possible, as 
described in paragraphs 40 and 41. 

TEST REPORT 

44. The test report should include (but is not limited to) the following information, also see 
paragraph II and 24: 

.identification of the sponsor and testing facility; 
•description of the tested substance; 
·description of the reconstituted test medium and metal loadings; 
• test medium buffering system used and validation of the pH used (as per paragraph 

21 )description of the analytical method; 
•detailed descriptions of the test apparatus and procedure; 
•preparation of the standard metal solution; 
•results of the method validation; 
•results from the analyses of metal concentrations, pH, temperature, oxygen; 
.dates oftests and analyses at the various time intervals; 
•mean dissolved metal concentration at different time intervals (with confidence intervals); 
•transformation curves (total dissolved metal as a function of time); 
•results from transformation/dissolution kinetics, if dctemUned; 
•estimated reaction kinetic quation, if determined; 
•deviations from the study plan if any and reasons; 
•any circumstances that may h.:we affected the results; and 
•reference to the records and raw data. 
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